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© A novel family of high affinity, modified antibodies for cancer treatment 

£> This inversion concerns a family of chimeric arrtibodies with high affinities to a high molecuiar weight tumor- 
associated slalylated glycoprotein antigen (TAG72) of human origin. These antibodies have 0) high affinity 
animal V M and V t sequences which mediate TAQ-72 binding and (2) human Cm and d. regions. They are ttxxight 
to produce significantly fewer side-effects when administered to human patients by virtue 
S^a^X^. The mxdeotide and amino acid sequences of V^TAG V* CC46 V* CC*** ^ 
CC92 Vh. and CC49u CC83 V u and CC92 V L kflotype sequences are disclosed, as well as in Wvo methods of 
treatment and diagnostic assay using these chimeric antibodies. 
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A NOVEL FAMILY OF HK2H AFFINITY, MODIFIED ANTIBODIES FOR CANCER TREATMENT 

This Invention relates to the field of immunoglobulin production and modifications to naturally occurring 
antibody amino add sequencea. Specifically, the invention relates to using recombinant DMA techniques to 
produce chimeric genes and to take advantage of these gene modification techniques to construct chimeric 

■«*aH« iaWe 
MTrrfinn|HM, 

a Antibodies are specific immunoglobulin (kg) polypeptides produced by the vertebrate immune system in 
response to challenges by foreign proteins, glycoproteins, cells or other antigenic foreign substances. The 
sequence of events which permits the organism to overcome invasion by foreign cells or to rid the system 
of foreign substances is at least partially understood. An important part of this process is the manufacture of 
arrbbodtos which bind srjecrflcalty to a particular foreign substance. The binding specificity of such 

ro DorypeptJdes to a particular antigen is highly refined, and the multitude of specificities capable of being 
generated by the individual vertebrate is remarkable in its cempiexity and variability . MilBons of antigens are 
capable of eScrtlng antibody responses, each antibody almost exclusively directed to the particular antigen 
which eidted It 

Two major sources of vertebrate antibodies are Presently utilixed-generation in situ by the mammaian 
rs B rymphocytes. and generation in ceil culture by B<efl hybrids. Antibodies are gener«ted in situ result 
ot the dttferontiatioo of immature B tyrnphocytes into plasma cells, which occurs in response to stimulation 
by specific antigens. In the unc3fferentiated B cells, the portions of DNA coding for the various regions on 
the immunogiobuin chains are separated in the genomic ONA. The sequences are assembled sequential 
prior to expression. A review oz this process has been given by Gough. Trends in Blochem. Set $. 203 
20 (1 961 ) 

The resulting rearranged gene is capable of expression in the mature 8 lymphocyto toproducetoe 
desired antibody. However, even when a particular mammal is exposed to only a single antigen a uniform 
population of antibodies does not result The in situ immune response to any particular antigen is defined 
by the mosaic of responses to the various determinants which are present on the antigen. Each subset of 
25 hornotogous antibodies is contributed by a single population of B ceils-bence in situ generation of 
antibocles is "pofydonaT. 

Thfr United but inherent heterogeneity has been overcome in numerous particular cases by use of 
hybridoma technology to create "monodonal" antibodies in cell cultures by B cell hybridomas (See Kohler 
and MUstain. C. Nature 258. 485-497 (1975ft . , _ 

x m (Ms process, the relatively short-lived, or mortal, splenocytes or lyrnphocytes from a mammal winch 
hat been injected with antigen are fused with an immortal tumor ceH One. thus producing hybrid cote or 
-hytyidomas- which are both Immortal and capable of producing the genetically coded antibody of the B 
cell. The hybrids thus formed are segregated into single genetic strains by selection, dilution, and regrowth. 
and each strain thus represents a single genetic line. They therefore produce antibodies which ar e assured 

39 to be homogeneous against a desired artigen. These antibodies, reference 
are cased " m onoclonal". 

M ono cl o nal an tibodies with mono-srjecificrty have greatly influenced immunology, and their usefulness 
has already been demonstrated In such sciences as biology, rjherrnacc4ogy. chemistry and oth ers. Such 
monoctonai antibodies have found widespread use not only as diagnostics reagents [see, for example. 

40 immunology tor the BO'S. EO*. Voter. A. Bartiett A. and BJdweU, 0.. MTP Press. Lancaster. (1981). but 
also therapy (see, for example. Rite. J. and Schtossman. S.F.. Blood 59. 1-1 1. (1982)). 

Monoclonal antibodies produced by rrytxidomas, while theoretically effective as discussed above and 
dearly preferable to porycional antibodies because of their specificity, suffer from an important disadvan- 
tage. In many apptcations. the use of monoclonal antibodies produced in norvhoman animals is severely 

48 restricted where the monoclonal antibodies are to be used in humans. Repeated injections of a "foreign" 
antibody in humans, such as a mouse antibody, may lead to harmful hypersensitivity reactions. Such a non- 
human derived monoclonal antibody, when Injected into humans, causes a anti-nonhuman antibody (ANHA> 
response. For a discussion of a specific AN HA response caused by using murine-derived antibodies; 
human anti-mouse antibody (KAMA) response, see Shawler et al.. Journal ot Immunology 135. 1530-153* 

so (1986) 

rt is betieved that animal immunoglobulins having human constant regions will generate less of • ANNA 
response when Injected into humans than animal immunoglobulins having nonhuman constant regions. As 
such, monoclonal antibodies having good binding affinities for selected antigens and having human constant 
regions are thought to possess great potential utility tor immunological diagnosis and therapy of human 
patients with cancer. 
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Various attempts have so far been made to manufacture human-derived monoclonal antibodies by using 
human tiybridomas. For example, human-human hybridomas (Olsson. L et al.. Pnc.WACwt.Sct. (USA). 
TS&Zwi. hurruuvmurlne hybridomas [(Schtom. J., et al. (Aft* 77. 6841 (1980)] and several omer 
xenooenic hybrid combinations have been prepared. Human monoclonal antibodies have also been 

s produced by transformation of lymphocytes using Epstein-Barr virus. However, such hybndomas may 
potentially harbor pathogenic human viruses. Alternatively, primary, antibody producing 8 cells have been 
immortalized In vitro by transformation with viral DMA. Unfortunately, yields of monoclonal antibodies from 
human hybridoma cell lines are relatively tow (1 ug/mL in human compared to 100 ug/mL in mouse 
hybridomas). and production costs are high. 

t0 While human immunogtobufins are nighty desirable in immunological diagnosis and therapy of human 
cancer patients, human hybridoma techniques have not yet reached the stage where ^^/^^tonal 

reasons, researchers can not immunize human subjects with selected toxic or otnerwtse deleterious 
arrtigens to generate antibodies against the specific antigen. This imposes great restrictions on mv 
is m un otopJ ca l diagnosis and therapy of human patients. ■ 
The production of human-derived monoclonal antibodies is "^J*"**- M "J™£^££ 
view of Its tow reproducibility and the other problems noted above. Additionally, see Naturw 300. 316-317 
(1882)1. Consequently, most monoclonal antibodies are derived from non-human animate. 

A monoclonal antibody which reacts with high binding affinity to hu *" a *]J l ' m ** ant ^* M ^^^!!!j^*- n ^! 
X recorjnized as a foreign substance ^ 

create artificially an antibody which is very similar to a human antibody and is not recognized as a foreign 

substance within the human body. i.e.. a chimeric or "humanized" antibody. 

Typfcawy in chimeric antibodies, the variable region of both Kght and heavy chains mimics toe vanaoto 
*7rtibodies derived from one species of rnammals. while the constant porttons are homotogous to 
» thiswancesih antibodies derived from huirujns. Or* cle^ 

exarni^variabto regions can convenient*; be derived from presently known sources u»ig readily 
3Se hybridomas of B ceils from non-human host organisms In combination with constant regcns 

by its source, the constant region being human, is toss likely to elicit an immune response from a human 
x subject when the antibodies are injected than would the constant region from arw-hui™ source, 
^ne **>wn human tun** antigen is tumor-associ«ed grycoprotein (TAG72V TAQ72 » -»«^ 
thence of certain tumor ceOs of human origin, specifically the LS174T tomor cod in* LS174T 
^J^TType Culture Collection (herein ATCC) No.CL 1 881 is a variant of the LSI 80 (ATCC No. CT 1 87) 
f frfpo adenocarcinoma line 

M The karyotype of LS174T is similar to that of LS180 with a missing X chromosome in a rnatorrh^of the 

characterize the TAQ72 motocuto as a mucin. This conclusion is based on the following cfcaervattor* (a) 
TAG72 has a high molecular weight f>l x 10» as shown by its exclusion from a SspharoseTU CL-4B 
column; (b) the density of TAQ72 determined by erjuiMbrium centrifugation « CsO was JM lynrmL 
40 indicating a heavily glycosylated grycoprotein: (c) TA072 demonstrates a change « miration after 

orycc^idteatry Bnked oligosaccharides characteristic of mucins: (d) btood group antigens common* ^ 

thus dernonstrating that the TAQ72 epitope is not expressed ^^ h ^««tv for 

« Numerous murine moooctor* antibodies have been developed ^^J*** ^^JZ 
TAQ72. One of these monoctonai antibodies, designated B7Z3. is a murine igGI produced by rrytjridoma 
B7Z3 (ATCC No. HB-8108). 8723 is a first generation monoctonai antibody <*«^ • hu ™" 
breast cardnorna extract as the immunogen (see Colcher. 0. et a... ProcMtL Acad.S* W)7±*V*. 
3203 (1981): and U.S. Patents 4.522.818 and 4.812X82). As used herein, the expression first 
monoctonai antibody" means a monoclonal antibody produced using, as the immunogen. a crude ceo 

monoctonai antibodies directed against TAOT2 are designated ^f 0 ^^^"^ 
octonal antibodies are a family of second generation murine monoclonal antibodies. Aa used herein, the 
repression "second generation monoclonal antibody' means a monoclonal antibody P™^* ^ 
£Z£o, an antigeTpuriftod with a fir* generation monoctonai antibody. ^T^^ 1 ^^ 
preoaredusing TAG72 purified with B7Z3. A discussion of the method for Producing the CC ^bodies .s 
seT^orth ^United States Patent Application 7-073.685 (USPA 7-073.685). the application was fitod by 
Z^M^^hTs. 1937 aTTaVailabie to the pubtic from the National Technical Information 
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Service. Because of their relatively good binding affinities to TAG72. the following CC antibodies have been 
deposited at the ATCC. with restricted access having been requested: CC49 (ATCC No. HB 9459); CC83 
(ATCC No, HB 9453); CC46 (ATCC No. HB 9458): CC92 (ATCC No. HB 9454): CC30 (ATCC NO. HB 9457): 
CC1 1 (ATCC No. 9455): and CC1 5 (ATCC No. HB 9460). 
s m the known art. no human antibody has been isolated which relatively strongly binds to TAG 72. 
Consequently, suitable antibodies must be engineered. 

It is known' that the function of an Ig molecule is dependent on its three dimensional structure, which in 
turn is dependent on its primary amino acid sequence. Thus, changing the amino acid sequence of an kj 
may adversary affect its activity. Moreover, a change in the DNA sequence coding for the kj may affect the 
,o abiBty of the ceil containing the DNA sequence to express, secrete or assemble lg. 

USPA 7-073,885 teaches that the CC antibodies may be altered into their chimeric form by substituting. 
fl n human constant regions (Fc) domains for mouse constant regions by recombinant DNA techniques 
known in the art ft is believed that the proposals set out in USPA 7-073.685 did not lead to an actual 
attempt to express any chimeric kj polypeptide chains, nor to produce lg activity, nor to secrete and 
rs assemble kj chains into the desired crtrneric kjs. 

It is therefore not at ail dear from the art that known recombinant DNA techniques will routinely produce 
a chimeric aramaHtuman antibody from selected DNA sources that generate functional chimen^ antibodies 
which bind specrficaffy to selected human carcinomas and which reduce the initiation of ANHA side-effects 
when injected into humans. 

jo Supristogty. the present invention is able to meet many of these above mentioned needs and provides a 
method for supplying the desired antibodies. For example, the present invention provides a method to fuse 
genes coding for at least a part of an animal lg which binds to human carcinomas expressing TA072 and 
genes cooing for at least part of a human lg. Also the present invention can provide a method to achieve 
expression of protein which can be secreted and assembled to give a functional chimeric antibody, 
as Further the present invention provides an expression vector containing a DNA sequence which encodes 
antibodtos and portions thereof which are directed against TAG72. 

The present invention also provides cells transformed with expression vectors containing a ONA 
sequence which encodes antibodies and portions thereof which are directed against TAG72. 

finally, the present invention provides novel antibodies for use in in vivo diagnostic assays: in vivo 
x therapy; and radkjimmunogukJed surgery. 

Consequently, this Invention concerns an antibody or antibody fragment comprising a variable regwn 
having a light chain OA) and a heavy chain (Vm). sak) V M being encoded by a ONA sequence effectively 
homologous to the V*>TAG germ tine gene (V^TAG). as shown in figure 2. wherein the verjab tonyn 
binds to TAG72 at least 25% greater than the variable region of 8723 binds to TAG72. with the binding 
» affinities of the antibody and B72-3 being measured by the same technique. 

This invention also concerns a ONA sequence encodtog at least a portion of an antibody heavy chain, 
said sequence com p risin g a ONA sequence segment being effectively rxjmotogous to the V^TAO germane 
gene (VmoTAG). wherein the ONA sequence segment encodes at least a portion of a heavy chain variable 
region (Vm). 

40 Further, the invention concerns a ONA sequence comprising: 

(A) a sequence segment encoding for a heavy chain, said sequence segment having 
(t) a sequence subsegrnent being effectively homologous to the V*aTAG germane gene 
(VhoTAG). wherein the ONA sequence segment encodes at least a portion of a VH. and 
(2) a sequence subsegrnent encoding for at least a portion of a Cw and 
48 (B) a sequence segment encoding for a light chain, said sequence segment having 

(1) a sequence subsegrnent encoding for at least a portion of an animal light chain variable region 

OA), end 

(2) a sequence subsegrnent encoding for at least a portion of a human light chain constant region 
(CJ. wherein the antibody encoded by the ONA sequence binds to TAG72 at least 25% greater than the 

so variable region of B7£3 binds to TAGB72. with the binding affinities of the antibody and B72J being 
measured by the same technique. 

The invention further includes the aforementioned antibody atone or conjugated to an imaging marker or 
therapeutic agent The invention also includes a composition comprising the aforementioned antibody In 
unconjugated or conjugated form In a prwmaceutically acceptable, non-toxic, sterile carrier. 

ss The invention is also directed to a method for in vivo diagnosis of cancer which comprises administer- 
ing to an animal a pharmaceutical^ effective amount of the aforementioned composition for the in situ 

detection of carcinoma lesions. , t ^ 

The invention Is also directed to a method for intraoperative therapy which com pn sea (a) administering 
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to an animal a phwmaceuticaJly effects amount of the aforementioned compositon. whereby the tumors 
are focalized, and (b) excision of the localized tumors. 

Additionally, the invention also concerns process for preparing the various antibodies or antibody 
fragments, their conjugates, a suitable recombinant expression vehicle, and the insertion into a suitable 
host Some of these processes are expressed as follows. A process for preparing an antibody or antibody 
fragment comprising contacting a V H region with a V t region to form a variable region of the antibody or 
antibody fragment A process for preparing an antibody or antibody fragment conjugate composing 
contacting an antibody or antibody fragment with an imaging marker or therapeutic agent A process for 
preparing a recombinant expression vehide comprising inserting a ONA sequence into an e xpfesswn 
vehicle A process for preparing a traraformed host comprising inserting the plasmid into a suitable host 

TatT^L. tiVimZon is directed to ONA which encodes the afc**r*ntioned antibodies and 
fragments thereof, as well as expression vectors or plasmkJs capable of effecting the P^Juction of such 
immunoglobulins in suitab* host cells, « includes the host cells and cell cultures whx* result from 
transformation with these vectors. 

Description of the Drawings 

Figure 1 illustrates a basic immunoglobulin structure, with the enzymatic cleavage sites being 
X i,Xliait ^ure 2 illustrates the mx*otide sequences of VmoTAG Vh. CC46 V*. CC49 V*. CC83 V M and CC92 
Figure 3 illustrates the amino ack3 sequences of Vh-TAG V*. CC48 V*. CC49 Vh. CC83 V M and CC92 
m Figure 4a illustrates the nucleotide sequence and Figure 4b illustrates the corresponding amino add 

** QU8 ^urt\^ illu^atiia the nucleotide sequence and Figure 5b illustrates the corresponding amino add 
SeQU6 Rg^ t 6a Hlustiates the nucleotide sequence and Figure 8b illustrates the corresponding amino acid 

M SOqU °^u^Til^a^'the nucleotide sequence of the Hfnd M*»f I fragment isolated from the plasm* 
pGOI. 

Figure 8 illustrates the plasmid map of the pBLUESCRIPT SKH- 
Roure 9 illustrates the plasmid map of the pRUOl. 
M Figure 10 iflustrates a restriction enzyme map of the CC49 L chain genomic DMA insert in pRL101. 

Figure 11 illustrates the plasmid map of the pRUOO. QI 
Roure 12 illustrates a restriction enzyme map of the CC83 L chain genomic ONA insert in pRL200. 
Figure 13 illustrates the nucleotide sequence of the f co Rl-flam HI fragment isolated from the 
plasmid pNP9. 

40 Figure 14 illustrates the plasmid map of the pHH48. 

Figure 15 illustrates the piasmkj map of the p*S83. 

Figure 18 shows the nucleotide sequence of CC48 V*. with the underlined segments showing the 
sequences derived using c*gonudeotide primers on mRNA. 

Figure 17 shows the nucleotide sequence of CC83 v* with the underlined segments show the 

46 sequences derived using oligonucleotide primers on mRNA. 

Figure 18 shows the amino add sequence of CC49 V* with the underlined segments show the 
sequence* deter min ed by protein sequencing. 

^^Roun, is shows the amino add sequence of CC83 V*. with the underlined segments show the 

sequences determined by protein sequencing. . 

w ^^Rgure 20 shows the results of a SOS poh/acrylamide gel. with the results of PNGase F treatment of 

CC83 antibody. ^ . 

Figure 21 ilkistrates the restriction enzyme map of human gamma 1. gamma 2. gamma 3. and 

gamma 4. 

Figure 22 Illustrates the plasmid map of pSV2gpt/R'B. 
ss Figure 23 illustrates the plasmid map of pSV2gpW1-7.& 

Figure 24 illustrates the plasmid map of pSV2gpt-y 1-2.3. 
Figure 25 Illustrates the plasmid map of pSV2gptnr2. 
Figure 28 illustrates the plasmid map of pSV2gpH3. 
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Rgure 27 illustrates the plasmW map of pSV2gpt-r*- 

Figure 28 illustrates the plasmW map of p497l-7.8. 

Figure 29 illustrates the plasmW map of p49ir1-2.3. 

Rgure 30 illustrates the plasmW map of p49-r2. 
$ Figure 31 illustrates the plasmW map of p*9-r3. 

Rgure 32 illustrates the plasmW map of P^-r*- 

Rgure 33 illustrates ttte plasrrW map of p837l-7.a 

Rgure 34 illustrates the plasmW map of p637 1-2.3. 

Rgure 35 illustrates the plasmW map of p83-r2. 
to Rgure 36 illustrates the plasmW map of p83-r3. 

Roure 37 Illustrates the piasmW map of p83-r4. 

Rgure 38 Iflustrates the overall reaction for the engineering of hybrid genes based on the method of 

^R^S?Se!l!i ^ show the bkxflstributton and whole body retention of CH44-1. 
mm Flcures 40A and 408 show the bkWrstrtbution and whole body retention of CH84-1 . 

Tbe^mnLioglobuIn of this invention have been developed to address the problems of munne 
monc £^ In the prior art ft is characterised by having a chimeric structure 

composed of a heavy chain variable region encoded by DMA oertved from the .AG. 
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As used herein, Immunoglobulin* refers to a tetrarner " W"*^ 
immjttmaetive activity la a property. "Antibodies" refers to such assemblies which have slgnrficant known 
^^Z^ ^^^ antigen, comprising light and heavy <^^«**«*^ 
^^^^■^>Z>c^ imrnunogtobuHn" ("NSI") means those irronunoglobufins wr-ch do not 

possess known specificity to an antigen. rc^a™.* 
*^b^in^ogio^ 

Q u A*nMYAc9d$cL, 190. 5 (1971)). As seen in Rgure 1 . the units are composed of two Wenticai Sgm 
2£p^cha£ cTmotecW weight ^matery 23.000 daitons. and ^^J?Z£ZZ 
moteo^weight 53,000,70.000. The four chains are joined by disulfWe bonds In a "V cc^goatton 

( *^ry*c^ 

The nature of this chain, as it has a long constant region, determines the "class" of the antibody as kjA. 
*S « d-Hted a. eHtter k*p« (k) or lambda (X>. 

-rtt-T. k>noe or lambda Boht chain, m general, the light and heavy chains are covalentiy bonded to each 
ao7£ ofts twTheavy are bonded to e^ other by covalent disulfide 

^^^^J^^Mn, are generated either by rrybridomaa or by B ^^weve^ nor, 

[inked chains wil sttt be capable of reaction with antigen. r-nw«inu« at 

The ammo add sequences run from an N-termlnus at the forked edges of the Y to the C-terminua at 
hrttom ,* Mch chain. At the N-terminua Is a variable region and at the C-termlnus is a constant region. 
*• ^^^^' J^^^ used runctionatiy. The variable regions of both »ght W and 
beavy (V«) chains AHermine binrjng recognition and specificity to the antigen. The c «^^ r< ^ do ^^ 
T&ifi^tW (C^chaW confer Important biological properties such as antibody Cham asso* 
ation. secretion, transptacentai rnobifity. and comr*iment binding^ 

tv, w » nab |. r-oJon Is Hnked in each chain to the constant region by a linkage linking the V gene 
,-JInc.^rWttte^ sequence. The linkage occura at the genomic level, combining nucleotide 
* ^JZ>1£Z Onking^Xoc. is known currently as . V sequence in* I** 
^Tg^. w«ch sncoc^ ^ 12 amino adds. ^ J 
uMuencs in the heavy chain gene, which together encode aooroximatery 25 amino acWs. 

vartJte^^acW siq^ce encoded by a nucleotide sequenc* derived ^<^9-£»» 
JJT«wTc««tart region amino acW sequence encoded by a nucleotide sequence derived from a 

hUn £ w ££. the present irrvention is not intended to be narrowly limited to merely substituting human C 
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seouences encoding immunoglobulin constant regions for murine C gene sequences encoding 
?m3og1c^ regions. Thus the present invention is not limited to whether or not the fusion pent 

'^^S^^^^^ * now possib* to produce altered chimenc antibodies, composite 
5 cMmer^tibcdto. and fragmented chimeric antibodies encoded by nucleotide sequences d.sclosed 

^-Composite- immunoglobulins comprise polypeptide variable regions not hitherto found associated witf» 
each otherln nature, it is not critical whether any of the above are covaJentty or rKjncovatontly aggregated, 
so long a. the aggmgation Is capable of selective* reacting with a particular antigen or antigen 
to ^^J^^^nt antbodies wherein the amino acid sequences, particularty in the variable 
H^nJilZmb** varied. Because of the relevance of recombinant ONA techniques to this invention, one 
niTnot be confined to the amino acid sequences of antJbcdiee selected f^ 

^rtr^from the changing ofjustoneor. few amino addstolhe complete redesign of an 

is antibody variable and/or constant region. _ ^,«^ w4 - w 

Cfcinoee in the variable region wiH be made in order to improve the antigen binding characteristics. 
ChangTVme constant region will, in general, be made in orderto ^^T^.^Tf^^. 
U ia ractertstica. such as complement fixation, interaction with membranes, and other h*yc*or* 
tZriZTcM* be made^T stand*d recombinant techniques and also by olganucfajeM^irMM 

P<xtior«of an antibody molecule that are capable of selectively reacting wrth a particuUjr antigen or«t£n 
^i^, ex«np*e Of such proteorytic and/Or nacombi^ frag^incKjde £*>J£*- 
>nd -Fato'- with their proteolytic cleavage sites being shown in Figure 1; as weU as Fv . Recombinant 

8a °i 0 t *£r^ I* to include bovines. Porcine, rodents, and primates, induding 

hUfT ^Dr^c<?^ectw- is given a functional definition of any ONA sequence which is capable of effecting 
x -xtxession of a specified ONA code m a suitable host is included in this term. As at presem. such vectors 
^ZZ^ ^^ of p4asmids:thus "plasmid- and "expression vector- "•otten^od v^*^ 
abry *£ever. the invention is intended to include sue* other forms of expression vectors wrech serve 
sourveient functions and which may. from time to time, become known m the art. • 
^^^tion- is meant the introduction of ONA into a nsdpieot host cell that change the 
3$ genotyr^andoxiaeo ^ ei tti yresulto 

-Moat cats' refers to cells which have been recombinant* transformed with vectors constructed usang 
recombinant ONA techniques. As defined herein, the antibody or notification thereof produced by a host 
ceil is by virtue of this transformation. . 
In descriptions of eProcesses for isolation of antibodies from recombinant hosts, the terms eel and 
<o ^^^^1^^ to denote the source of antibody unlewrt-s 

otherwise. In other words, recovery of antibody from the -cells- may mean either from spun down whole 
cefts, or from the cell culture containing both the medium and the suspended cells. 

46 Abbreviations 

Nucleic adds, amino acids, peptides, protective groups, active groups and similar moieties, when 
abbreviated, are abbreviated according to the IUPAC1UB (Commission on Siotogical NonvKKiature) or the 
practice In the fields concerned. The following are examples. 



so 



Reagents 

EOTA: Ethyfeneolamlnetetraacetic acid 
ss SOS: Sodium dodecylsulfate 

Nucleic Adds 
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RNA: Ribonucleic add 
ONA: Deoxyribonucleic add 



ro 



Nitrogenous Bases 


Purines 


Pyrimidines 


A: Adenine 
Q: Guanine 


T: Thymine 
C: Cytosine 
U: Uracil 



Both ONA and RNA contain long chains of phosphoric add. a sugar, and mtroQenous ■bimPNA»'i 
double stranded hefix. wherein the sugaria 2-oeoxyribose. whereas RNA is stogie branded, wherein the 
rs suoar is D-ribose. The four nitrogenous bases which characterize ONA nucleotides are finked m com- 
SSe^pair** 

is Inked to cytosine. In RNA, uradi is substituted for thymine in the listed DMA pairs. 
Amino Adds 

20 

Qly: glycine 

Ala: alanine 

Phe: phenylalanine 

Tyr .tyrosine 
29 Vakvafrw 

Leu: leucine 

He: isoleudne 

Sen serine 

Asp: aspartic add 
» Lys: lysine 

Arg: argtoine 

Hte rashdtoe 

Thn threonine 

Cys: cysteine 
x Mel: methionine 

Gkc glutamic add 

Trot tryptophan 

rTO. piUaalW 

Asrn asparaojaie 
40 Girt: glutamine 

Variable Region 

The ONA encoding the heavy chain consists of a V M gene sequence, a Oh gone sequence, and a J* 
4« gene sequence. The ONA encoding the light chain consists of a V t gene sequence, and a \ gene 
sequence. 
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V M Pane Sequence 

The present invention is directed to selected chimeric antibodies having tneV H region "coded bya 
ONA sequence derived from a germline gene that is specifically r**ctiveagainst 
sequence ol which is set forth in Rgure 2. The chimeric antibodies are selected on the basis of their 
tobtod TAG7Z namely wherein the variable region binds to TAG72 at least 25 P^^J^**^ J* 
variable region of B72.3 binds to TAG72. General*, the binding affinities of the chimeric jnlbedv -and 
B^areT-ured by the mm technique. Exemplary 

are set forth in the following references: Scatchard a. A"** */» H.Y. Actio 

(19467; Steward. M.W.. and Petty. R.E. Immunology 23. 681 (1972): Muraro. a. et al.. Cancer- Resevch 
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48, 4588 (1988); and Heyman. B.. J. of Immunol, Methods 68. 1 93-204 (1984). 

- X^a tod itsw will appreciate that as a result of the present invention. nam*y the nuctooade 
sJerx* (and amino acid sequences encoded by) the Vh-TAG. the present invention ,s ,ntor*ed to 
SudVefl^ilveiy r^motogcus nucleotide sequences and corresponding am.no acd s^ueoces^ 
"Effective* har^togous" refers to identity or near Identity of nucleotide or amino acid sequences. Thus, .n 
th7s^scto^^ understood mat minor sequence variation can exist within homologous sequences 
and that any sequences exhibiting at least 80% homology are deemed equivalent 

Zajyis expressed at the traction or percentage of matching bases (or arnno aads) after two 
UKyZ^Z^tT^^ iength) have been aligned. The term alignment is used in 
P?S^e^K^^ 

^t^^^L oV seo^nce Comparison, OTsc^e^^adingn«A: (T§83). Roughly, two 
^S^^^^^^mSST^ match*g bases (or amino aods) between the two 
w£ 3nser*xi of a minimal number of "Wank- or "null- bases into either sequence to bring 

^•g!tLtutJons. insertions or deletions) Hi cert* regions of the S™*^^**^ 
^««^k«rf^xftcant whenever such rnodrflcatlons resutt in changes in amino aod sequence thai do 

pttTJgllnT^^ 

fUnC ^togs of specific ONA sequences may be WentHW by those ^J^^^^ 
r.J^nmr^tlon^nucleic adds under condHJons of stringency as is weti understood in the art tat 

Hemes and Higgen, (eds.). tRL Press. Oxtord. UK (1985* Giver, 
* t^^c^on^r^^^ tor computing their bornotogy: e.g. Needleham and Wunsch 
SoST^ 44^153 (1970); and Sankoff and Kruskal (cited above) pgs. 23-29. AJso. cornm^a- 
^i^^labki tor performing such comparisons, e.g. »nte«igenetlcs. Inc. (Pato Alto, CA). 

x Dh and Jn Gene Sequences 

The Oh and Jm gene segments exist in various types, although the type of 0 or J gene segment 

■ '^^^^T^Tniwsity- Gouflh end Bemerd. PwcMlttAaid. Scl.flJSA). 78. 509 (1981). 

sJ^^H ^W^-i^' by SW~*« « *. in NMM m«1 (1981k - 
taMn*. -quench ««* fort, m -Structure d the Hurn»n ln*nunog**uln a Ueus: 
C^eMerbsttontl Enitotyonlc^nd Reerrenged J end 0 Genes" by Revetch et el.. Ce* 27. 583 (1981). 

V t and Jt Gene Sequences 

Generafly, any Vt and \ gene sequences may be employed that encodes a P^^* \^J» 
M(T ^ n a!^ to the V H Encoded by a nucleotide sequence effectively homologous to Vh«TAG. By 
^ln^- mean, a v^Tbinds to the V H and which yiekJs an antibody variable region having a 
TZt ^ZT^n B72.3. as measured by any standard technique for measuring 

^C^ofT^ 9*» n»m* sa-cfd 1. not crWc* to the ir^^That ^ 
as be deXedrrom any anirnaTpreferred animals Include mice and humans. Obvwusly. human V t and/or J, 
~ particularly preferred, but the invention is r>ot so .imited if a ^ gene segment from 
CZ^tZj^ orovWes an important property, i.e.. Increased binding to TAG72. 

^^^J^J^^^^ «W -TUt nucleotide Sequence of a 5.5*lobase ONA 
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Seoment Containing the Moose Kappa Immunoglobulin J and C Region Genes' by Max et a), in J.fl/o/. 
i^Ts^u^X (1981) Human J L sequences are set forth in an article (Med "Evolution of Human 
^ t!!lS!p «* He^etT-n me ^ otBtoWCBl Chem/s try 357(2). 1516- 
1522(1982). 



Derivation of Variable Regions 

Given the above teachings, it now becomes possible to derive numerous specific embodiments of 
anti^v^ the scope of the present Mention, i.e.. ^^^^T^^ 

^*nces to VmoTAG and binding to TAG72 at least 25% greater than the ^^^^ 8 ^?^ 
to^HSTZ with toe binding affinities of the antibody and B7Z3 being measured by the same tecrwque. 
Several possible techniques are set forth below. 



Naturairy-Produced Variable Regions 

m response to an imrnuoogen. TAG72. an immunized animal will expert selected ^b^yproo^^ 
c^^^ reg^ c4 anti 

heavy and Sght chain DNA. For example, the marranged germlne heavy chain * B J"^^' ^J"! 
«n7se^mXtoct^ 

-Var^r^r^ 

theVH-T^TrJe slattern 

change that alters the activity toward TAG72 of the prcductrvety rearranged V* 



Screening Techniques 

Monoclonal or polyclonal .rttibodies may be Sere*** to 
hJ^^slcTscree^ 

aTso^phase radtoirnimawassay. eruynMHWced immunosorbent assort, resetting assays and blocking 

FWfeJso shows the r«c»eotJde sequences encoding the heavy chain v****^"* of OC48. CO*. 
cSTand CC92 antibody "spectrve* ^ 3 sr»ws th^ 
VTCC49 V. CC83 V.^ CC92 Vh. cc^s^ 

comparison of the nucleotide and amino add sentences of V^TAQ Vh. CC48 V"™**** CC83 V M and 
ecSTshowe a most striking feature, naniery that tl» chaiiw erf 

^"nX a^^rn. DMA encoding the CC48 V. CC48 V, CC83 V. £001* , 
pJa*^*F*S**Q segment proves that those DNA sequences are ^J^VJ^ 

4a and 4b. respectively. The nucleotide sequences and corresporwng amino add «*l"«*es of cohvl 
«^^r5.^5b. respect**. The nucleotide sequences ^ correspondtog aoOno aod 
sequences of CC92 V u are shown in Figures 6a and 8b. respectively. 

Probe Techniques 

Other antibodies encoded by ONA derived from V^TAO may be derived by using Vm.TAG as a 
hvtv^LTo^C^ne^y Tprobe made from the DNA or RNA of the Vh«TAG or rearranged genes 
^S^^^^JZ^H be used by those M the art to 

u^^hybridomas. Such hwndogoua antibodies will have a ONA sequence whose mRNA hybridiies 
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with the probe of all or a part of the V^TAO germ line gene and its flanking regions. 6v -flanking regions" 
is meant to include those DNA sequences from the S end of the Vh«TAG to the 3 end of the upstream 
gene, and from 3 end of the V^TAQ to the 5' end of the downstream gene. 



Rationally Synthesized Variable Regions 

A yet further approach is the rational synthesis of altered variable regions of the antibodies disclosed 
herein as well as antibodies discovered via probing. Such an approach has several potential advantages. 
Namely a researcher would not have to screen immunized host animals attempting first to cull those 
antibodies which bind to TAG and next to cull those antibodies which specifically have V M regions encoded 
by DNA derived from VmoTAG. 



Mutagenic Techniques 

The V H and/or V L gene segments may be "altered" by mutagenesis. Exemplary techniques include the 
addition deletion, or nonconservative substitution of a limited number of various nucleotides or the 
conservative substitution of many nucleotides, provided that the proper reading frame is maintained. 

Substitutions, deletions, insertions or any subcombination may be combined to arrive at a final 
construct Since there are 64 possible codon sequences but only twenty known amino adds, the genetic 
code is degenerate in the sense that different codons may yield the same amino add. However, the code « 
precise for each amino add; thus there is at least one codon for each amino add. I.e.. each codon yields a 
single amino add and no other, it will be apparent that during translation, the proper reading frame must be 
maintained m order to obtain the proper amino add sequence in the polypeptide ultimately produced . 

Techrtquea for additions at predetermined amino add sites having a known sequence are well known. 
Exemplary techniques include o«g<xnjteeotide^edlated. site-directed mutagenesis and polymerase chart 

fe *Teduiiques for deletions at predetermined amino acid sites having a known Sequence are weti known. 
Exemplary techniques induce digkxujlceotlde-mediated site-directed mutagenesis and the poryrnerase 

chain reaction. „ 
Techniques for substitutions at predetermined amino acid sites having a known sequence are w*a 
known. Exemplary techniques include site-directed mutagenesis, and the polymerase chain reaction 

t **o£ormjeteotide site-directed mutagenesis In essence involves hybridizing an ollgomicleotkJe ccxfirgtor 
a desired mutation with a single strand of DNA containing the region to be mutated and ^J^*** 
strand as a template for extension of the digonudeotide to produce a strand containing the muta^TTts 
technique, in various forms, is described by Zdler. M.J. and Smith. M.. No* Adds Res. 10 6487-6500 
0982): Norris. Kl. Norris. F.. Christiansen. L and Fill. N„ Mia Acids *•*. It. 5103-5112 (TO Zofct MJ. 
and Smith. M.. DNA 3. 479-488 (1984): Kramer. W.. Schughart K. and Fritz. W. J.. Nuc Acids Res. 10. 
6475-6485 (1982) "* 

Polymerase chain reaction (PCR) in essence Involves exponentially amplifying DNA in vitro using 
sequence specified oHgorxxaeotides. The oligonucleotides can incorporate sequence alterations rf dedn*L 
The polymerase chain reaction technique is described in MuUis and Fatoona. *l»tjl^ 155. 335-350 
(1987) Examples of mutagenesis using PCR are described in rtiguch* et al.. Nucl. Acids Res. 18. 7351- 
7367 (1988). Ho et al.. Gene 77. 51-59 (1989). and "Engineering Hybrid Restriction Genes Without the Use 
of Restriction Enzymes: Genelpfidng by Overlap Extension". Norton et al.. Gene 77. 81 (1989). 

Alteration of the antibody variable regions may be of particular use in the therapeutic use of monodonal 
antibodies. At present when a chimeric antibody comprising a complete mouse variable domain is injected 
into a human, the human body's immune system recognizes the mouse variable domain, albeit W^mana 
complete murine antibody, as foreign and produces an immune response thereto. Thus, o n subsequent 
injections of the mouse antibody or chimeric antibody into the human, its effectiveness is consklecabry 
reduced by the action of the body's immune system against the foreign antibody. Consequently, alterations 
of the murine V M and V t regions may reduce the human immune response to the altered antibody. 



Recombinant Techniques 
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The antibodies may be obstructed by recombinant techniques. In other words, because the nucleotide 
oV^ Vh- and V L ^ncoding regions are now provided, a skilled art,** could in vitro 
produce a complete gen« coding for the heavy and light chain variable reckons. 

^t£ cUtructod oeoe may be engineered in which selected Dh and J* gene segments are ,n functional 
combinX^se^ I gene segment i.e.. the V*.TAQ segment or the V M gene segment of CC49 

* ^example, the constructed heavy chain coding ONA will include Dh and J* Bene «Kjue^ wt^ 
art cLguou. with the 3' end of the germUne Vm«TAG gene segment thereby ^p^ti^CDTOand 
framework(FR) 4 of the V* domain. A leader sequence may bepresent but rr ^^*^^ s * ( ^*^I u ^^^^j 
rw^xing upon the light chain employed, it may also be necessary to provide a cons^uctod ftght 
chato^^gDNSL Such aDNA gene w« comprise a V t gene segment in hj ^ on ^^* i ^^ 
^STwrth a \ gene segment inchxSng the leader sequence which may be J ^^ r1 ^- 
^tg^e s^°wi.l viyXnding upon whether ** »ght chain " 

The J region sequence Is contiguous with the end of the exon to complete FR 4 of the V t domain. Such 

a construction may be carried out by the techniques used to construct the V M g ene- 

^^tructed gene may be entfneered by convert 
pra£.^i^^ Thereafter, the piasmids may be expressed in 

host cells. Exemplary recombinant biological techniques are set forth betow. 

dati^HiL^ or a portion of me citron downstream from the J j^P"*** >»* 
v^bVnsgion Is derive fromti^rwstinwhichthefusedc^i.tobe ^f^^ 
ns^/ft^ be r>ece^th«ti™^ 

tarmini. The intron between the J and the constant ***** *«^!^Tia^ast^na^r^ 
saouence associated with (1) the constant region, (2) the J domain, or (3) portions of eech^ last may be 

may be necessary to provide adapters to join the intron to the constant region, in some instances, afl or a 
^oT^ZL maimed** by deletion, nucleotide substitution^) or ^^Joenhan™ of 
Eolation, exprtmkx.. or the like. Preferably, a sufficient amount of the .ntron should be present to 
contain an enhancer that Is functionally active with the natural-occurring promoter. 

amrniclease and, by employing varying periods of digestion, one can provide for varying 3-tormmi. which 
r^^^ZngVthecc^ 

of ways; or by splicing with overlap extension using polymerase chain r ^^^^^' i ^J^^ 
Vn^kiSTSm. an artificial promotor. which don not need to be functionally active wrth an 

7 he antibody wtth analogous parts of CORs from an antibody of dHferent spedfldty. An 
I^^JS^^^ thTcoV* tougm in European Published Patent Application 0*9 Wby 

^ntion. only the CORs of the antibody witi be foreignto a ^l^^^^^^J^ 
effects rf used for human therapy. However, human and mouse framework regions tw ^ r ^ t ^2 
^whlchcStinr^ 

COR. in a humen framework may wH be ™ ™ ^ » <^ ^ * ^ v ^*^cw 

The nucleotide sequences corresponding to tt* V* amir* a^ 
CC83andCC82.asweU«softheCC49. CC» and CC92 V t gem segn^ are p 
is envisaged that the CORs from the antibodies of the present invention could be grafted onto the- 

t "T£^ CD^^^ahuman V M or V, domain may be replaced by CORs horn 

V t r^oTcI actios cTti^ present irrvention. Exemplary human antibc^ from 

r^wTmav be used Inctode human plasmacytoma NEVYM, [Jones et ai.. -Replacing the complerneiHarity. 

^ne^m^Qrea Winter; and various other human V M and V u genes available from Or Terrence 
RabWtts botii resea^^ersbemg from the Medical Research Council. 20 Park Crescent ton^on. WIN 
^'cetmZc^to^ constitutes a COR and what ^^J^^TT 
on the barfs of the aminc-edd sequences of a selected kj as Indicated In Kabat et ^Sequences of 
1^« LZZ#*1 Interest Fourth Edition (1987). U.3. Dapt of Health and Human ServicesT*^ 
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The four framework regions largely adopt a /3-sheet conformation and the CDRs fori loops connecting, 
and in some cases forming part of. the 0-sheet structure. 

Moreover, not ail of the amino-acid residues in the loop regions are solvent accessible and m one case, 
amino-add residues in the framework regions are involved in antigen binding. (Amit A.G.. Mariuzza, RA, 
Phillips. S.E.V. and Poljak. R.J.. Science 233. 747-753. (1988)]. 

rt is also known that the variable regions of the two parts of an antigen binding site are hekJ »n the 
correct orientation by inter-chain, non-covalent interactions. These may involve amino-acid residues within 

Thus, in order to transfer the antigen binding capacity of one variable domain to another, it may not be 
necessary to replace all of the CORs with the complete CDRs from the donor variable region. It may be 
necessary only to transfer those residues which are necessary for the antigen binding site, and this may 
involve transferring framework region residues as well as CDR residues. 

It is thus dear that merely replacing one or more CDRs with complementary CORs may not ahvays 
result in a functional altered antibody. However, given the explanations set forth in European PubBshed 
Patent Aprjecatton 0 239 400. it will be well within the competence of those skilled in the art either by 
carrying out routine experimentation or by trial and error testing, to obtain a functional altered aritibody. 

Wierabry the variable domains in tx>m the heavy and Bght chains are altered by st least partial COR 
rapUjcament and. if necessary, by partial framework region replacement and sequence changing. AJthough 
the CORs may be derived from an antibody of the same dass or even subclass as the antibody from whch 
the framework regions are derived, it Is envisaged t hat the CORs will be derived from an antibody of 
different dass and preferably from an antibody from a different species. 



M 



Composite Variable Regions 

Generally the V gene encoding the V t is the same V gene which encodes the V t naturally combined 
with the Vh of choice. For example, the V gene which encodes the V L regions of CC49 and CC83 are 
ber*6da#y used when employing the V gene which encodes the V„ of CC48 and CC83. respectively. 

Surprisingly because the V M regions of the antibodies of the present invention are encoded by V M 
oenes derived from V^TAO. composite antibodies may be beoeftaalry formed, In other words, the Vm 
region of one antibody of the present invention may suitably be combined with the V w region of another 
antibody of the present irrventjon. Although the amino add sequences of the CC*9 and CC83 heavy chair* 
are superficially dose, it would be expected that a change of a few or even one ammo aod woukJ 
drastfcafly affect the binding function of the antibody, i.e.. the resultant antibodies are generally presixned to 
be a non-specific immunoglobulin (NSI). i.e.-iacking in antibody character, (see European Pubished Patent 
Application 0 125 023) 

Quite surprisingly, it has now been found that an antibody having the requisite V H d tr* kiventic<i. need 
not be recanbined only with a V c from the same naturalty occuring animal antibody. For instance, as set 
forth in the examples, rt is possible to produce a chimeric antibody having a heavy chain with a V^frorn 
CC83 and a light chain with a V t from CC49. wherein the composite antibody thus formed has a binding 
specificity 25% greater than the binding affinity of 672.3 to TAG72. 



Constant Regions 
Heavy Chain (Cm) Domain 

The Ch domains may be of various human isotypes. I.e.. igQ (e.g.. tgGi . IgQa. kjG, and igG*). igA «gD. 
90 taM. as weU as the various subtypes of the individual groups. 

For a discussion of the human 7 1. see Ellison et a!.. "The nucleotide, sequence of a human 
immuncflWxian Ogamma- 1 gene". Met Acid Res 10. 4071-4079 (1982): Takahashi et al S»*^ 
human immungtobulln gamma genes: Implications for evolution of a gene .family" Cell 
For a discussion of the human gamma 2 (y2), see Krawinkel et al.. -Comparison oT the hinoe<oding 
as segments in human immunoglobulin gamma heavy genes and the linkage of the gamma 2 ^9*™™ * 
nMM FUBO J 1 403-407 (1982): Ellison et al..' "Linkage and sequence homology of two human 
22£K£ tSL regton gene,. Net Acad. Scl (USA) 79 1984-1988 

(182): ^ikahashi et al.. Intre, For a discussion of human gamma 3 (v3>. see Krawinkel et al. Mr*, and 
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Takahaahi et aJ.. Infra. For a discussion of human gamma 4 M). see Ellison et al. "Nucleotide sequence of 
a human Immunoglobulin C-gamma-4 gene. DNA 1. 11-18 <1981>. Krawinkel et al. intra, and Takahashi et 

8L ' discussion of the human mu. see Rabbitts et al.. Human immunoglobulin Heavy Chain Genes: 
Evolutionary Comparisons of Cu. C3. and Cy genes and Associated Switch Sequences". NucL Acid Res. 9. 
4500 45021 

For a discussion of the human alpha, see Flanagan et al.. "Mechanisms of Divergence and l Conver- 
gence of the Human Immunoglobulin alpha 1 and alpha 2 Constant Region Gone Sequences . Cell 36. 681 - 

^ ^discussion of the human delta, see White et al.. "Human Immunoglobulin 0: Genomic Sequences 
of the Delta Heavy Chain". Science 228, 733-737 (1985). 

For a discussion of the human~~epsilon. see Max et al.. "OupHcation and Deletion in the Human 
immunoglobulin . Genes". CftV/29. 691-699 (1982). 

Light Chain (CQ Domain 

The Cv domain may be human kappa («) or human lambda (X). rMwM ^ 

For a tfscussion of the human ». see "Cloned Human and Mouse Kappa immunogtobuhn Constant and 
J Region Genes Conserve Homology in Functional Segments'. Heifer et aL. Call 22. 197-207. November 

(lW £r a discussion of the human X. see "Processed Genes: A Dispersed Human Immunoc^buin Gene 
Bearing Evidence of RNA-Type Processing". HolHs et al. Wtfur»296. 321-325 (1982). 

The Cm and/or C^ gene segments may be "altered- by mutagenesis. Exemplary techniques include the 
addition, deletion, or nonconservative substitution of a United number of various nucleotWes or the 
conservative substitution of many nucleotides, provided that the proper reading frame . .s mamttine* In 
addition, entire domains of the protein can be altered, for example, by substituting C-2 for C*3. This 
substitution is made at the DNA level by inserting, deleting or substituting entire exons of sequence. 



Construction of Antibodies 
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Immunizations 

The first technique for producing antibodies, whether monoclonal or polyclonal, having Vh region s 
encoded by DNA derived from V^TAG is to immunize a host animal with purified J A f^ Exemplar/ 
pn.tccols^ immunizing a host animal with TAG72 are set forth in U.S. Paten* <^^ A »^Z 
SnTs^uman breast carcinoma extract as the immunogen: and United States Patent Apptication 7-073.685 
(which is available to the public), using TAG72 purified with B72J as the Immunogen. 

Thereafter rrxxxxional or porycJonai antibodies produced from the immunization protocol are screened 
to determine which of said antibodies selectively bind to TAG72. Such screening may be accortn*sh^ by 
any of a number of weft-known procedures, such as soid-pheae radWmmunoassay. ******** 
imrrxxioeorbent assays, rosetting assays and blocking assays. The abov^described procedures are well- 
known in the art. 

Synthesis of Amino Acid Sequences 

imrnunootobuins of the present Invention can be T^T<^Z 
Suitable techniques are the Merrrftekl solid phase method, as described in J. ^^J^jZ"*^ 
2154 (1963). This soUd phase method for synthesizing sequences of amine . adds is also desenbed on 
1-4 of of a book bv Stewart and Young, Solid Phase Peptide Synthesis (W. H. Freemen and Co. San 
Francisco. 1969). 



Construction of DNA 
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ONA Encoding the V„ snd Vi 

The ONA encoding the antibody heavy and light chains may be obtainod from a variety ct I sources 
^^ZZTZZ, m in the art. .or examp-. genomic ONA. cONA. synthefic ONA. or a 

^SS^odC^' the desired sequence may be Waled, and genomk: ONA fragmented by one or more 
m J^^5Z V»*oJcONA may or may not include naturdly-occurring introns. The result^ 
rr^m^ ™ tt£ cTclc^eTand screened uaing a heavy chain J region (.M probe for the V™*™* 
£ZTZ^^£Z«»> polypeptide sequ-e. ot umt ONA fragments isolated by pnep««v. 
^£E£oX« fig^eombir-n. pfcoue, 0. the tort* are semen* with a mouse Jm 



probe. 



TOe ONA may also be obtained from a cDNA library. Messenger RHA coding for heavy or fight cWnfci 
^ . JjrahT source either mature 8 ceils or a hybridoma culture, employing standard 
Z£LZZ RrTSS^T^' SZ» of o^T c^ chrorn^ogr^ to « Poly-A 

^ .^^dMat-nces ,n the IkiM or heavy chain of Ihe desked antibody as necessary. 

r^J^t^ pr^fr^^^ of mRNA using a suitable primer. pn^eraNy anuc*c 
^ ^w^Tw^ bcharatfenaic ol the d^md cONA. Such a prime, may be symheeued b«* on 
rnf J^T^d ^^^Tlbody. in the alt*™*- cONA from urrfractkxurted » 
Si tn^ro^nTTd^^b^or polydT may ak* be u»d. The r«uMnfl cONA is opfiorutfy sum 
^X^T^va^nlde gsTand then extend* with, for example. dC residues for arwaing wrm 
%^Z!%££X*~ ««cn h. b~n cwved by a suns*. 
^T^^Z^Z 6oZ*m. Aiwnrtv. «i of terming 
. LT .-T.VL -h_ Hnnmn vector remainder may. of course, also be used but the foregoing is a 

:CT^r<r^n»s^e or o^r t^p* ch«~»n.«cs rrtding on the donmg 

""taSS informants are picked and tr.nsf.rmd to microti* dishes or otfw ^J"™*? 
ort Jr~T^L KvKXX , Nitrocellulose filter imprints of these growing cultures are then txobed wrmsurBbto 
^Zr^Tb«. known to be compkxnentary to <*»ked sequences m ****K 

us*. prefrKabfy synthetic single stranded ONA »eouerceeW>*d by 
SSLtST^P^TP c^ls M » the nitrocdluios. fitter are lysed. the ONA dt^tOTdjnd men 
H^oTrJ*** Mrfh ttn^sTprobe. Oone, which successful* hybridise are detected by conoa-Hh 

*^2ZttE£*-^"^ fo assure sppropn«e r«** fmm. -* the 
c^^^^kTsu^pms-on TypM*. nuckKrtk*, am add- .0 the 5 

« ^ stanal and a swttbey 
^S^ilClKS p=£HS^ sequences 

syntheoc^* »ynthe«zed. for axamp*. using an Applied Bk^ystemsT* Model 380A DNA Symhesuer. and 

a ^2e^*^X. lor M conation of the ^^-^ 
ove^Te^^^ chain reaction technology, see Morton at ^JTL^T^^ 

sa^«!1or «a^»e genomic DNA. Thereafter, the sequences are amplified and spliced together. 

DNA Encoding the Ch and Cy 

The ONA fragment encoding tha amino add sequence of the human constant region may be obtained 
by screening the chromosomal ONA of ceils producing human immunoglobulin. 



Vectors 

Tt*. DNA fraoment may be positioned in a biologically functional expression vehicie which may 

JZZ^oZZt^ nT present in the selected DNA fragment By "biology tunc- 
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tfonaT is meant that the expression vehicle provides for replication and/or expression in an appropriate host 
either by maintenance as an extrachromosomal element or by integration into the host genome. A large 
number of vectors are available or can be readily prepared, and are well-known to skilled artisans. 

A number of plasmids. such as those described in Eureopean Published Patent Applns. OO^m 
0048970 and 0051873. have been described which already contain a promoter .n reading frame with the 
bene and compatible with the proposed host cell. 

The vectors and methods disclosed herein are suitable for use over a wide range of m^oorgar»sms. 
either prokaryotic or eukaryotic. which are susceptible to transformation. The plasmid w,ll be capable of 
recreating in the microorganism, particularly a bacterium. mlrrnhiAl 
^general, plasmid vectors containing the appropriate promoters, which can be used by tne rnicrob^ 
organism for expression of its own protein, also contain com* isequences. "become 
^inscription termination sites. Generally, the repacon and control sequences wtach are derived from 
species compatible with the host cell are.uaed in connection ^ ^^ s »- -fw _ mjrt . 2S0 

Smaller or larger SV40 fragments may aiso be used, provided there is included the ^ a °^^ 2 ^ t 
base^ (bp) sXnc. exti^ frwn t^ 
repack. Furth^. it is also possibte 

associated with the desired gene sequence, provided such control sequences are compatible wrth the host 

— EE* plasmid should desirably have a gene, a marker gene, mat is <*P-** P"^0* 
pherwrvpcal property which allows for selection of host cells containing the express** vector. Particularly 
^Tt^TZ provides for survive, selection. Sur^ * ZZ^JSX 

resistance to a growth inhibiting substance or providing a growth factor capability to a bacterium deficient in 

^^r^ prok^yotes are preferred. For example. pBR322 a plasmid derived from an £ c^ speoes 
(BtfrvaTet al.. Gene 2. 95 (1977)1 is particularly useful. p8R322 contains genes for amptaifin and 
tetracycline resistance and thus provides an easy means for Wentrfymg transformed celts^ 
^VNto these prokaryotes are the most commonry used, other microbial strains which may be used 
JSt cTstralHcn as £ coil B. £ «tf K12 strain 294 (ATCC No. 31448) and £ caf X1778(ATCC 
No 31537). £ cotf W3110 (F", y~. prototrophic. ATTC No. 27325). bacilli such as BtcJItus subrt/us^nd 
other enterobacterieceae such as SlmofHfo typhtmurium or Smtla macreesavts. and various 
Psevdcmoru* species may be used. These examples are fended to be „ 
m addition to prokaryates. jsukaryotic microbes may also be used. $aceharomyc9scxnvtsi*>.o' 
common baker's yeast is the most commonly used among eukaryotic microorganisms although a number 

* °£ %Z£ rSlC' the plasmid YRp7. for exampto. IStinchcomb. et 
(1979): S^smaTet aL. Gene 7. 141 (1979): Tschemper. et «... Gay 10, 157 (1980)1 »«™~"* ^ 
This plasmid already contains toe trpi gene which provides a selection marker for a mutart stn^jnaast 
leSroVab^grow in tryptophan, for example ATCC No. 44078 or PHP4-1 (Jones, Ge^tta g, 12 
(197m The prl^ 

effective environment for detecting transformation by 9^J" ^f^ 8 ^J****^ ^ fwrmin-ion 
Any plasmkj vector containing a yeast-compatible promoter, origin of replication and t ermination 

seou^T^forusetoyea*^ 

r^sP^gWte kinase Wnan. et al.. J. 8** Chm. 255. 2073 (1980)1 or mm g«*l*c 
e^£^^ Ad,. Enzyme «**7.U9 i968); Hoi^ndetai ^isrry^ 

For use in mammalian cetis. toe control ^notions on the expression vectors ^ <^ prov f^^ 
material. For example, commonly used promoters are derived from polyoma. Adenovirus 2. and mart 
frequently Simian Virus 40 (SV40). The early and tote promoters of SV *^^_^^^^' 
because both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of 
replication (Fiers. et al.. Wefure 273. 1 13 (1978) J. ,.,',. nr . i* .md». 

For example. pSV2neo contams a gene for amptollin resistance ^J^^'^^J^ 
the control of an SV40 promoter. Thus. p8V2neo provides easy means for .dentrtymg cells transformed wrto 
genes for both the animal variable region and human constant region. 



ss Preparation of Chimeric DNA 



The nenes coding for the heavy chain or the light chain will be constructed by joining the 5-end of a 
ONA^ag^ wn^erxX inconstant region to the 3 end of a ONA fragment which encodes the 
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variable region. The DNA sequence coding for the antibody amino acid sequence may be obtained in 
association with the promoter and replication site from genomic DNA. To the exten: that the host cells 
recognize the transcriptional regulatory and translation*! initiation signals associated with the heterologous 
genes then the region 5 and 3 of the variable region coding sequence may bo retained w.th the vanabie 
/Mion' coding sequence and employed tor transcriptional and translations initiation regulation. The non- 
coding region 3' to the constant region may be retained for its transcriptional termination regulatory 
sequences, such as termination and potyadenylation. In referring to 5 or 3 for a double strand, it is 
intended to mean the direction of transcription, with 5 being upstream frcm 3 . 

The intron sequence between the variable region for each respective chain may be joined to the 
corresponding human constant DNA fragment at any convenient restriction site. In providing a fragment 
encoding the variable region, it win usually be desirable to include a portion of the intron dc^nstream from 
the J region. Where the intron is retained, it win be necessary that there be functional spfice acceptor and 
donor sequences at the intron termini. The contiguous rxxvcodlng region 5 to the vanabie region wiM 
normatty include those sequences involved with initiation of transcription and translation, such as the TATA 
box. capping sequence and CAAT sequence. Usually, the 5 -non-codng sequence does not exceed about 

An enhancer sequence should exist between the J region and the constant region. The enhancer 
employed may be the enhancer of either (1> the animal V region or the (2) the human constant region. 

By retaining the 3 -region naturally contiguous to the DNA sequence coding for the constant region, the 
transcriptional termination signals may be provided for the gene. Where the trvurtpt^y™^ 
wwais are not satisfactorily functional in the expression host ceU. then a 3 region functional m thehost cell 
may be substituted. Conveniently, the non-coding 3 region may be obtained from a non-coding contiguous 
3 region of a constant region from the expression host The 3 -non-coding region may be joined to the 
constant region by any of the means described previously for manipulation and ligation of DNA fragments. 
25 This region could then be used as a building block in preparing the gene. 
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Preparation of Expression Vehicles 

Construction of suitable expression vehicles containing the desired coding and control sequences may 
be produced as follows. The termini of the vectors and DNA fragments may then be retigated to tormthe 
desired expression vehicles. The methods employed are not dependent on the ONA source, or intended 
host 

DNA fragments coding for the light chain and heavy chain may be inserted into separate express** 
vehicle, or into the same vector. Preferably, the fused genes encoding the light and heavy chimeric chains 
are assembled in two different expression vectors which can be used to cotransform a recipient cei. either 

ccocurrentty or sequentially. 

The means for insertion of the DNA fragments containing the chimeric genes .nto expression vectors 
includes using restriction endonucteases. -Restriction endonocJeases* (or "restriction enzymes") are 
hydrofytic enzyme* capable of catalyzing site-specific cleavage of DNA molecules. The locus of restriction 
endonuclease action is determined by the existence of a specific mxtootide sequence. Such a sequence is 
termed the recognition site tor the restriction endonuclease. Many restriction endonudoases from "variety 
of bacterial species have been isolated and characterized in terms of the nucleotide sequen ce i ol ' th e* 
recognition sites. Some restriction endonucleases hydrotyze the phosphodiester bonds on both 
the same point producing blunt ends. Others catalyze hydrolysis of bonds separated by a few nucleotides 
from each other, producing free single stranded regions at each end of the cleaved "^^^Soch^ 
stranded ends are seti-comptornerrtary. hence cohesive, and may be used to rejoin the hydrolyzed DNA. 
£n*ary restriction enzymes include Mt II. 8m HI. Eco HI. MM !«. «* I. Spe I. Xta I. Sac .. Bgi n. 

Additionally, the expression vector may have a poly linker inserted therein which has a a plurattty of 
unique restriction sites. By digestion of the expression vector with the appropriate restriction ««^mes. the 
poMinker mil be cleaved so that at least one DNA fragment containing the gene can be inserted. . Where the 
pory linker allows for distinguishable termini, the DNA fragment can be inserted in a single orientation: were 
the termini are the same, insertion of the ONA fragment will result in plasmid* having two different 

Cleavage is performed by treating the plasmid with a restriction enzymefs). In general, about 10 ug 
plasmid or DNA fragments is used with about 10 units of enzyme in about 100 ul of buffer solution^ 
En*xnx*»we digestion will normally be carried out at temperatures ranging from 37 to 65 C.atapMot 
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from 7 to 9. (Appropriate buffers and substrata amounts lor particular restriction enzymes are specified by 
m« manufacturers.) Time for the reaction will be from 1 to 18 hours. . . t _ 

n WbTu«fu. to prevent ^ligation of the cleaved vector by pretreatment with alkaline phosphatase. 

Specific conditions are prescribed by the manufacturer. ^th oh^noi and 

s After the restriction enzyme digest is complete, protein is removed by extract^ w,m phenol and 
chlorXm The nucleic acid is recovered from the aqueous fraction (containing about 0.3M sodium acetate) 
by precipitation with about 2.5 volumes of ethanol. Brtt _ l _ st . 

Deecriottona of methods of cleavage with restriction enzymes may be found m the following articles. 
rvJT^ Vt^s in Molecular BWogy. Vol. 9. ed. Wckner. R. B.. Marcel Dekker. Inc. New York. 

SizVs^on of the cleaved fragrr^ by agarose gel eiect^^ 
^^I^^V^ ^ZXtt* techno delude ge, 

process is referred to as armeaftng and DMA ligation. m ^ mstiatm , 

^^appropriately buffered medium cortaWng the DNA fragments. DNA i«w.aid 1*****^^ 

tcnitoen^^ C ^^J^^5TSS 
* Snd. tTorWllgase *U be ab* to introduce a covalent ^J^^Haln^^ 
employe for the dialing will vary with the temperature employed, the ^ ~ "j! 

rZLi of the sticky ends or cohesive termini. Generally, the time for ligation may be from 5 to 1 8 
hours. See Maniatis T.. Motocular Cloning. Cold Spring Harbor, supn. 
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Thereafter, the expression vehicle constructs may be used to transform an appropriate host cell. 

Suitable host cells Include cells derived from unicellular as well as multicellular organisms. 

^c^unmuncglobuSn genes can be expressed in ^ar 

Various unicellular microorganisms can be trer»formed, such 
organram. wh*h are capabie of being grown in culture, or <^*»<^** *^^!ZZ?^j2 

uniceSuiar oroanisma. Bacteria, which are susceptible to transformation, include members of the 
Z^XETZ*** of £sc/***fc catt SMtmonoil* Badllaceae. such as a***f 
PrmMTtococcvx Strvptococoa, and H*>mopNh* inthj*nz*o. ^ 
Whan exoressed in bacteria, the inwinogtobufin heavy chains and light chams become part of 
indu^bS^ mustT^atod, purified and then assemWd Into functional an- 

"T^T^ates. euk*yotic microbes. ^ as yeast cultures ^"-^ 
cttrcmyc** cere v/sae. or comrnon baker's yeast la the most Sl^^nTI 
o^sms^Lugh. number ol o^ 

S^ctoria^c7the yeast host cett genome provides an effective environment for detecting transfer** 

* ^^^^T^ of ens ^ ^ ^^J^^ 
M in orincfote anv such cea culture is workable, whether from vertebrate or invertebrate culture. 

PstMson. sdltors (1973)1. Exsmptss o( suet, useful no* "II lines are Spm VERO snd HeU cells. Chinese 
hamster wsry (CHO) cell lines, snd Witt. BHK. C03-7 and MOCK Mil lines. 

ricp** <* line is . pl«m«y»m. "II .-eh « ^^^T^^ 
o*~~~ZL«* rmk\* c*n avntheaize assemble and secrete immunoglobulins encoded by transtormea 
^o^^ FuTr^ ZZ* the mechenism tor g.cos^on ^J-^^ 
SpaTura^erred recipient cel. because it is an immuncgk^Hn^pnodudng ^f^^J^ 
STprcduc^cnry immunoglobulin encoded by the transformed Immunoglobulin genes, *>T«"™ 
cel^n^grown in culturVor in the peritoneum of mice where secreted immunogtobutin can be obtained 
from ascites fluid. 
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Transformation of Host Cells 

Transform*** of host cells is accomplished as follows. The expression vehicle is linearized and the 
DNA is inserted into host ceils for production of the antibody. Exemplary methods for inserting the ONA into 
host cells include eiectroportton. protoplast fusion, calcium phosphate-precipitation, or other conventional 
techniques.' which use dextran sulfate, and PEG. 

If ceas without formidable ceil wall barriers are used as host cells, transformation may be earned out by 
the' calcium phosphate precipitation method as described by Qraham and Van der Eb. Virology. 52. 548 

(19 ?prokarvotic cells or cells which contain substantial cell wail constructions are used, the preferred 
rwrthod of trarwrforrnatton la calcium treatment using calcium chloride as described by Cohen. F.N. et aJ. 

Proa Waft AcMd ScLflJSA) 88. 21 10 (1972). 

The host cells may be transformed via either cc-transformation or targeted transformation. 
For co^ranstormatton. the genes ceding for the chain and heavy c^ 
separate ceil cultures, either of the same or of di ffering species; separate ptasmkls for light and heavy chain 
may be used to ccHransform a single ceil culture; or finally, a single expression ptasrmd contamg i both 
genes and capable of expressing the genes tor both Bght and heavy chain may be transformed into a single 
ceM culture 

In the targeted trarraforrnation technique, the host cells are transformed with genes encoding for the 
light chain, and the cetts containing the light chain marker are selected. The light chain « found using 
cytostsJning or possibly by detection of the Bght chain in the supernatant if it ^^ sacr ^^ 
selected to have the Bght chain are transformed wrth the heavy chain construct and resultant cells 

addHtonatty containing the heavy chain marker selected. 

It is known that some immortatoed lymphoid cell fines, such as plasmacytoma cell Hnee. m their normal 
state secrete isolated Ig light or heavy chains, (^sequently. if such a cell Kne is transfor med wrth the 
vector ccrtaining the chimeric heavy or Bght chain of the present invention, it wiH not be necessary to 
transform the cell line or another ceU line with the other ig chain, provided that the normally secreted Cham 
ia conx>iementary to the variable domain of the Ig chain encoded by the vector initially used to transform 
the ceU Kne. 

x 

Selection and Expression of Transformed Host Cells 

Generally, after trirrforrnation c4thehost<^thecetfsmaybe grown for about 48 hours to a*o~ tor 
„ expression of rnarker genes. The cetts are *en placed in a sekKtrve me^ 

are WOed, leaving only ceils transformed with the DNA constructions. , ... _ .... 

Heavy and Ight chains or portions thereof, may be produced in isolation from each other antftooes 
and fragments thereof may be obtained. Such preparations require the use of techniques to reassemble 

H ^ ( a^ot the method of the irrvention to produce heavy and Sgftt chains or P°<^^- * 
isolation from each other offers the opportunity to obtain unique assemblies of .mritunogtobufhts. Fab 
regions, and univalent antibodies. It is possible to t^ 0 **^™^*™**^^ ^ ^^J^TT^ 
by cleavage of only the interchain disulfides, and to regain antibody activity even without restoration of the 
Z^T<&m^ [see Edelmar, OM.. at al.. Proc Waft Acad. ScL ^^7530 963)^ . 

« The transformed cefia are grown under ccodrtiona appropriate to the production of the Ight chains 
and/or heavy chains, and assayed for heavy and/or light chain protein synthesis. Exemplary assay 
techniques include enzyme-linked immunosorbent assay (EUSA). radioimmunoassay (RIA). or fkjurescence- 

activated cad sorter analysis (FACS), UrirmjncWstocbemistry and the tike. 

The binding affinity of monoclonal antibodies for TAG72 is determined by means well known * the art 

„ <»ee Heyman. B. et al. J. Immunol. Methods 68. 193-204 (1984) and as described in detail in the Examples 

Setocted positive cultures are subctoned in order to isolate pure transformed colonies. A suitable 
technique for obtaining subclones Is via the limited dilution method taught by McKeara in Monoclonal 

Antibodies. Plenum Press. N.Y. (1980). 

» . Hybridomas that produce such chimeric antibodies may be grown ^J^J 3nx ^^V^ 
trmrtomed cells can secrete large quantities of the light chains and/or heavy chairs by cultorejn vitro. 
such as by hollow fiber systems, spinner culture, static culture; or in vivo such u ascites production^ 
The chimeric antibodies may be produced in large quantities by injecting a hybndoma into the 
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peritoneal cavity of pristme^med mica, and after an appropriate time (about ^J^V 
^rtHom theTcTwhich yiekis a very h*h titer of ^ogenaous f ^^T 
"Siting me monodona. antibodies therefrom by methods well known ,n the art [see ^^^^ 
31 543.552 (1983)1. The hybridomas are grown up In vivo, as tumors «n animals, the serum 
TJc^Tnl^ th^Tcan provide up'to about 50 mg/mL of monoclonai antibodies. ^JJ^ 
LtaSv intrsperitoneai) of about 10» to iC histocompatible hybridoma cells ,nto m«ce c< ratsj^ll resurt 
few weeks The antibodies can then be coliected and processed by wefl known 

^T^ao^r^ Of Experimental immunoiogy. ed. Weir. O.. (1978) 

^.££ stT'v^s buffer solutions such as phc*ph«e buffered saline (PBS). 

i« «*m°la uam and papain, to obtain highly immunoraactKra F(ab)2. F(ab> and Fab fragment** 

ST^Th«^ ^ and 0ght compon«* and fairly effWentty <*f°«™*»<> 
^oo^WTe. Toe. Wltica* Set <USvV 52. 1099 (1,964); WMnay. IWU .« *~J^*«j£" 

by methoda"!. described above (or ma complete monoclonal antibody molecule. 



Usee of the Antlbodloa 

The antXxxSea of the praaant Invention, aa «e« as imrr«noreaclr-e fragmorts "^^^JT^ 
^maion-Tcalis and to locataa tumor., lha amibodlea have constant variable rttfons which do no« bod 

o^STi 2m* c- «h a. Hbrob***. .ndoNH ^ « •Pt^^J^L^bu. 
^SLlly. the .MM. immunorwetiv. <» ^ «"J^^ 

Umrt ^n^m« toltowtna typee of cancar treatment (1) *> y/»o diagnoafc aaaaya conpgaled to an waging 

£T£bod*a 01 the (MM MM -on. or con*** to «2^*i^iS^3« 
toxin effector ceiia. ocw sntlborjea or via a complamant mechanism, aa described bate-: and (3) 

^^ToCL o. th. pr— *ven*n may bjjaWiar «^"XT.r^ 
soluiKaYlorm the «vk (or -nan daairad tha separate ""P^l h 

cam*. tahc«tt. comprlw a suit**. «*M («e««a**. aoeb 
^ST-al bufhaa. UeeM sol***, inch*., tor example, mmt. •^^J^J^l^l 
^nonaaor carbon*, easere. Such aqueoue toMtona centtn r» rrwre th» 50% <* tM orr^ aeh-W 

01 HHa^tM suepeneione aa compoaHlona of tha praaanl Invantlon require a *Md «^**T«g* 
^7ll^dkM«aLaa a cwrleTTh. suspending madhjm can bo. lor example, aquaoua poryvlny*yr- 

^■pCoteoS, acc^P^ad|u«nta. I nec«»r» to keep th. compto In ™» «• 

M-ny Jrtctarrt. «, alio uaaful aa suspending agenta. for axampla. toatWn. akylphanol. 
tS2^L«^rSduei tvMhtr^anaaulfonataa. aJfryibanaanaablfonataa. and tha POtyoxyWhyW* aor- 

%z rsrCcrx, »- nydZ.^. ^^^^ 

rr*Jlum can aa*at In mrtfng in|actabla ausp««lon. In «dhrfdual eaaaa. For axampta. aiUcon. 

Tha ^lr JT^ vartoo. ««bocJ« VK^d W t»«nb^ ^ «* ^rC'S^d^ 
'^~^T™h. comoarad to raoaated usa of a single antibody. For .xampla. CH92. CH88. and CH44 
^^S&l Slnc^a -nmodl.. i— dH^m W **» - 
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fact different C0R3 regions antHdiotypic responses should be minimized. 

In Vivo Diagnostic Assays 

in vivo diagnostic assays of human tumors or metastasis thereof using the antibodies. f™*™^ 
wJl!!. JrL^n^ts thareof are coniuoated to a marker, administered to a patient and then the 

EE? » - p— » - »™«» 

and d«««on of the anUbcdy-i-tuging conjufl*. "™^*J~™£ 

ass ^t»=a=J=TwsSSS:5 

na7S v Qowsnbara D.M. at aL. J. Amor. Mod Assoc. 280, 630-635 (1983). Goidanbero. d^mj* ax 
r^^SSZ^m ^1983V Siccardl A.Q. et al.. OwciV tea. 46. 4817-4822 (1986): Eperietoa. AJL 
^T^^^^W^pSSu^ * C-ncer- 57. 571*76 (1986): Chiou. a et 1.. Career 
I^^ZZMl^S. eH. Cancer fles. 43.735-742 (1983): Coteher. E. et a... Laboratory 
? =L ^LTl: lliMnlTtJ I Medicine Unmuncdia^bstics. New York, Aian a Uss. pp. 215-258 

e£ ARTS SrS^Cc^ar 0. et Cancer Res. 47 . 185- 
i^nS^^ J M. et aL, in* J. cZkar 39. 50-59 (1987): Main. O.T.. et al.. Curt. Surg. 4t . 193- 
^laeTvS^W ^ et at Hyorldom. 5. S9?-S108 (1986): Martin. O.T. et al.. A* jA** 
m ^ et -7^ *£tm. 68-78 (1984); end Krefc** et a... BKxXom. ondW^ys. 

flea. Comm. 77. 581-585 (1977). ^K.^^n^t rwwrmitv the dosaoe should 

The dosage wiB vary depending upon the age ^ ^ ^ ^J^^^ f 
be ettectiveT^suaiize or detect tumor sites, distinct from normal tissues. Preferably, a one-time dosage 
will be between 0.1 to 200 mg of an antibocy-fnarker conjugate per patient 

£>^* Imaging m^ 
m attend inch^substances which can be detected by diagnostic tmaging using a gamma *anneror 
^^^^o^Zon Emission Tomography or the like, as described In the 

^^^T^^sTaS 
the Kke is gadolinium (Qd). 
fr> Wvo Cancer Treatment 

In tnie method, the antltoodyHherapeutlc agent conjugate can bo delivered to the carcinoma site thereby 

.J^^^r^-SScSy riKM amount tor MM Wvo tmatment of hum* c»wom» or 
, Z^mTZZZZ** an**, amount- o. the ,n«body. T^TTa^ 
memrf caniuaated or unconjugated to a therapeutic agent, mean* the amount ol aaid 
IZ^JTt^^ ^SZ*ould t»e sufflc-nt to achieve .Mcft. binding with the 
X^T^ ^TtlHtbSrC ,p~«c affinity. The pharmacy compoa** n«y be 

•""TS VSirA con*.*, o. the m - 
,JtS^. mSSml* thwap^ mam « — known or '^'V o^n^oytt^*W "the 
ZTktaww. auKaUe doaagee will d*»nd on the age and weight ol the P^^*^*£j^ 
« wen knowVor detorml-wd by thoa. MM in M art R«ws«^ (WW*. « 

C^cA* * 43^M0 (IWIt Canwuillo. JA et a,.. C^er frwt />* K 317-329 (1984,. 
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ZaJcbero. J.R. et al.. J. Natl. Cancer Inst. 72. 697.704 (1984); Jonas. O.H. at al.. Int. J. Cancer 35. 715-720 
(1985); Lange. P.H. at al.. Surgery 98. 143^150 (1985); Kaltovich. FA at al.. J. Nucl. Med. 27. 897 (1986). 
Order. S.E. at al.. Ir»t J. Radlother.Zncol. Bid Phys. 8. 259-261 (1982). Coortenay-Luck. N. at al.. Lancet 
1 1441-1443 (1984) and Ettinger. D.S. at al.. Cancer neat. Rep. 66. 289-297 (1982): (2) antibodies coupled 
to druQS or biological response modifiers such as methotrexate, adriamydn. and lympbckines such as 
interfX as described, for example, in Chabner. B. et a... Cancer. Principles a^Prac^d^c^ 
Philadeiphia, PA. J.B. Uppincott Co. Vol. 1. pp. 290-328 (l985lH5klham. R.K. et al.. Cancer. PrTnc.piea and 
Prad^ Oncoloqy, PWtadeiphia, PA. J.B. Uppincott Co.. Vol. 2. pp. 2223-2245 VJ*tOewK T - « £ 
^^fl»s^37li-3755 (1986); Deguchi, T. et a).. Fed Proc 44. 1684 (1985); embleton. MJ. at aL. Br. 
i Cancer 49 "559-565 (1984) and Pimm. M.V. et aL. Cancer Immunol. Immunother. 12, 125-134 (1982V. (3) 
antibodlea "c^ipled to toxins, aa described, for example, in Uhr. J.W. et al.. MondEfana) Arrtbodiea and 
Cancer. Academic Press. Inc. pp. 65-98 (1983). Vtetta, E.S. et al.. Biotechnology jnd Bjo^omtor* B. 
P^belaon. pp. 73*5 (1984? and Vrtetta.E-S.Mal.SdL. 219. 844-650 0983); (4) hetero^onal 
arrtibodlee, for example. antibodies coupled or combined with a ^^^ ^^"^ f ^ 
both to the carcinoma and effector cells, e.g.. Hilar cells such as T cells, aa f^ribed- «* 

P, at al.. J. Exoer. Med. 163. 168-178 (1986); and Lau. MA et al. Proc Natl Acad ScL (USA) 8| 
8648-6652 (1985): and (5) native7T.e.. rxxvcon)ugatad or rxxvcomplexed. antibodtee. aa described for 
ex^Hertyn. D. at ti. Pro* Nad Acad Sd. (USA) 79. 4761-4765 (1982); Schu* Oi * £ 
ZtTftTSw 80. 5407-5411 (1983); Capone. P.M. et at. ^ ****** Z^J^LwZSll 
(1983)- Sears, H.F~et aL. Cancer Was. 45. 5910-5913 (1985): Nepom. Q.T. et al.. Free Nad Acad sec 
(l^8Va64-2587 (1984): Koprc^.lt at al.. Free. NatL Acad SCI, (USA) 81. 218-218 (1984); and 
Houghton*. A.N. et al.. Free Nad Acad ScL(USA) 82. 1242-1246 (1985). 

The methods for combining the antibody or antibody fragment to a desired therapeutic agent as 
described above are conventional and well known in the art. For example, the methods given m the 
references above. 



Raoiolmmunoguided Surgery 

Antibodies, immunoreactive fragments or recombinants thereof, are important for nadioiriwwog^ 
surgery (RIGS). In RIGS, an intraoperative therapy, tumors are localized and exdsed. Ait 'antibody labeled 
^n imaging marker is in*cted into the patfcr* ^ 

(Meeting probe (GOP) and exdsed. An exemplary GOP is NeoprobeTW. commeraalty available from 
Neoprobe Corporation. Tampa. FL See Martin at al.. -RadWrrrnn^nogukJed surgery: a new approach to the 
[^ativTot^ d tumor using antibody 87*3". Amer J. Surg. l^, 3 **^^ * 
•Radtoinvmjnogulded surgery: intraoperative use of antibody 17- 1A in colorectal cancer*. Hybridoma 5. 

S97-S108 (1986). 

Administration and detection d the antibodv-irnaging marker conjugate as well as methods d conjuga- 
tion d (he antibody to the imaging marker are accomplished by methods readily known or readily 
deti>rm«ned by one skilled in the art. as described, for exampie. above. . 

The dosage writ vary depending upon the age and weight of the patient, but generally a one time 
dosage d 0.1 to 200 mg d antibody-marker conjugate per patient is sufficient 

The following nonBmrting exampiea are merely for illustration d the construction and ^aaaton of 
chimeric DNA sequences encoding the antibodlea d this invention. All temperatures nd dherwwe indicated 
are in Centigrade. All percents nd otherwise indicated are by weight 
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Examples 



Replacement d Mouse Constant Regions 



CC antibodlea were derived from mice, and are significantly lass capable of carrying out the effector 
functions po ss es se d by the human constant regions. 

Consequently, in the following exampiea. selected antibodlea are "humanized- by genetically removing 
the constart regions d the heavy and light chains and replacing them with their human equivalents. 

The rr*x^TilgM chain consent region genes were replaced with the human kappa (k> gene, and the 
mouse heavy chain genes were replaced with each of the four human gamma isotypaa ( 7 1. v2. v3 and *4). 
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Each of those four gamma isotypes possess unique biological properties. For a general review. 
Human IgQ subclasses". Hamilton. R.Q. (1988) Doc. No. CB005 1-289. Calbiochem Corporaoon. 



Preparation of Heavy and Light Chain Variable Region 



Isolation of CC49 light chain 

CC48 hybridoma ceils secrete an antibody having an igGt isotype heavy chain and a kappa light chain. 

Total DNA from CC49 hybridoma ceils, Balb/C mouse kidney cells and NS1 plasmacytoma cells was 
isolated according to the procedures set forth in Celt 24. 353-356 (1981). 

Generally about 10-20 UQ of the extracted DNA from each ceM line was digested to completion with 80 
units of Bam HI, Eco Rl. Hind III. Spe I, X*a I. Sec IBgl U. and Pit I in 50-100 microliters of a reaction 
mixture containing the appropriate reaction buffer at 37* C overnight 

Next the total extracted DNA from each celt Mne was subjected to the Southern hybrxteabon technique, 
developed by E. M. Southern. [J. MoL BM. 98. 503-517 (1975)). The DNA fragments were f ractionat ed on 
the basis of their size by means of electrophoresis on a 0.8% agarose gel. The double-stranded ONA 
fragments were modified into strxjto-stranded DNA fragments in an alkali solution; and then a nitrccelWose 
finer was placed into close contact with the gel to transfer the modified DNA segments onto the filter m the 
presence of a Ngh salt corrcentration solution. 

rfytxfdteation was carried out using, as the probe, a random primed <32P> -label led L chain. 

More specifically the probe was a 1.71 kilo base pair (kbp) Hind \U-Pst I fragment containing the 
cooing axons for the murine \ regions (J1-J5) and was isolated from the plasmid pGDl. A nucleotide 
sequence of the probe fragment is provided in Figure 7. This plasmid is described in 'Site Directed 
Cleavage of Immunoglobulin Gene Segments by Lymphoid Cell Extracts". Agostaro et al.. Can. J. Bkxhem. 
Can Bid. 63. 969-976 (1985). The plasmid was provided by Nobumichi Hozuml and John Roder. Mt Sinai 
Research institute, Toronto. Ontario. Canada. 

To radWabel the probe. alphe<32> dCTP was obtained from Amersham. Arlington Heights. IL USA. 
and the random priming kit was obtained from Ptwmaoa. Rscataway. NJ. USA. 

The signals in Southern transfers were visualised by autoradiography using Kodak X-OMATTU AR film. 
No obvtousry rearranged band was observed. Thus, relative to the standards, no unique band was detected 
on the .utoradiogram for the CC49 DNA digested with Hind Ml. it could not be ruled out from the Southern 
data, however, that the rearranged band for the L chain was masked by a band migrating in the CC48 Hind 
Bl digested ONA parallel to the band resulting from a Hind III digest of mouse kidney cell DNA (representing 
the germane DNA). This actually turned out to be the case. 



Preparation of Plasmid Containing Mouse V t Genes 

LAM8DA-2APTM. a lambda-based insertion cloning vector capable of self excision, was purchased from 
Stratagene Co.. La Jolla. CA. USA. LAM8DA-ZAPTU is described on pages 20-21 of the 1987 Stratagene 
catalog. The cohesive (cos) ends of LAM8DA-ZAPTU were llgated overnight by following the manufacturer's 

m -^erfi it mi 

Twenty micrograms of the Bgated LAM80A-ZAPTU were digested with 5 microliters (15 units) of Spe I. 
purchased from New England 8tolabs. Inc. The total volume of the digest was 100 rnicroSters. After 55 
minutes of digestion, another 6 units of Spe » were added. After 70 minutes, the reaction was stopped by 
phenol extraction and ethanoi precipitation carried out as per Stratagene's protocol. 

Digestion with Spe I restriction enzyme results in production of -sticky ends" at both termini. These 
sticky ends were modified with T4 ONA polymerase to create half filled-in Spe I sticky ends, e.g.. 
5'ACT/3'TCATG. To accomplish the half filWn reaction, the DNA pellet obtained in the ethanoi proapjtatton 
above was dissolved in 8 microliters of water. To this was added 2 microliters of 10 miiUmolar dTTP. 2 
microliters of 10 mlWmoJar dCTP. 2 microliters of Stratagene's 10X ligase buffer. 4 microliters of reionized. 
distilled water, and 2 microliters of a KJenow fragment from Bethesda Research Laboratories (BRL). The 
reaction was carried out « ambient temperatures for 30 minutes. The reaction was stopped by inactivating 
the DNA polymerase at 65* C for 10 minutes. 

One hundred sixty micrograms of total CC49 hybridoma DNA (containing the m ouse Ug ht chain 
promoter and the L and VJ exons) were digested to completion with Hind III. Fragments between about 1 



23 



EP 0 365 997 A2 



Kb to about 20 kb were cut out of 0.8% agarose gala. The DNA was purified using GENECLEANTm. which 
is commercially available from BIO 101 (La Jolla. CA. USA). • 

The total CC49 hybridoma ONA W/nd III digested fragments were half-filled s.m.iar!v to the 
ZAPnr, Spe I fragments with the exception that dATP and dQTP were ^^.^ZT^Z 
digested fragments produced 5 AGCTT/3 GAA sticky ends, which are compatible with the Spe halMilled 
A LAMBDA- ZAPTU fragment above. rn4Q 

After phenol extraction and ethanol precipitation, according to the teachings of Man/arts, the total CC49 
hybridoma H/nd ill modified and LAMBDA- ZAPTU Spe I modified DNA fragments weral^atedby meansof 
TVSlAHgase. The ligation reaction was set using a 8.1 microliter iigation ^•^« k ^ 0 ^^: 
about O^ogr^aVme total CC48 hybridoma Wnd III modified DNA in a ^"^^^^^^ 
mtcrooram of LAMBDA- ZAP^vi $pe I modified DNA in a 1 microliter solution. 0 6 microliters of Stratagene a 
T^V£ *S^£lO mil«molar ATP. 

incubated overnight in a water bath and the temperature towered .rK^ementally from about 1 8 C to about 
4* C-TraaSgatJon eliminated both the «f»tf III and the Spe I sites. mirwfitWf , 

A oenomto U brary of tic^ mix was made according to Str a^gene ' s P^J**^ * 
the toation mix produced above was used in Stratagene's Gigapack Gold packaging system, ^towtogthe 

Rfteen 1 50 mm TSS^TS. 
screened, aa per manufacturer's directions, for positive donee by rr/brktization to ^ceflutow filters. 
oltWfrom S^lek^-Scrwetl. Keen., NH. USA. The <32P> random^d probe derived from pGOl. 
whk* we* described above, was ueed for 

Each done waa plaque purified and recernbinant piasmide (phagerruda) of LAMBDA-2AP TM conta a^g 
the CC* Tchain virile Sgton were obtained by using Stratagene's automatic excision protoceLThe 
^ZionTt^ reaumng^eaxnb.r«d plaamid is called pBLUESCRIPT SK(-) and consists 012964 bp 
^^^SrSZ^m catalog. A plasmid map of pBLUESCRIPT 8KB ^ 

^•ONA from the twelve ctones was partially sequenced and both were identical. One of the 
clones, which was named pRUOI. was used for further studies. 

Restriction Mapping of CC49 Light Chain 

pRUOI waa 7.81 kb. and the size of the DNA insert was determined by restriction 
be 4JJ5 kb. A plasmkj map of pRL101 la shown in Figure 9. A restriction enzyme map of the CC49 L Cham 
genomic ONA insert In pRUOl la shown in Fig. 10. 

Isolation of CC83 Light Chain Variable Region 

The procedures used to isolate the CC83 Bght chain were essentially those used to isolate the CC49 
Gght chain, with the following exception. ^ <w> rjind __. 

A genomic library containing 7 X 10* plaques was screened ustog as ^T^Z^c^Z 
Wajfled 1.71 Htod nMf I fragment derived from pGDl. aa descnbed above. One positive done was 
obtained. The positive done waa named pRL200. 



Restriction Mapping of CC83 Light Cham 

PRL200 waa 7.44 kb. and the size of the DNA insert was determined by restriction JJ^^jf^ 
be 4^48^A plaan^ map of pRL2f» la shown ^ 
ganomic DNA insert in pRL200 is shown in Fig. 12. 



Isolation of CC49 Heavy Chain Variable Region 

The procedures used to isolate the CC49 heavy chain were essentially those used to isolate CC49 light 
cham. including the screening of the same CC49 H/nd ill modified DNA 

The hybridization p<c^ used to ««en the library "aa^.tod from pNPfc which 
kbp Ec* R> flam HI fragment containing the coding axons for Jh3 and 4<4 ofj ^J^^T^^ 
heavy cham. The nucleotide sequence of the probe fragment is provided in Figure t3. The plaamid was 
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provided by Or. Nobumichi Hozumi and Or. John Roder. Mt Sinai Research Institute. Toronto. Ontario. 
Canada. 

A genomic library containing 9.5 X 10 s plaques was screened, from which one positive clone was 
obtained. The positive clone was named pHH49. 

Restriction Mapping of CC49 Heavy Chain 

pHH48 was about 7.0 kb. and the sue of the DMA insert was determined by restriction enzyme 
mapping to be about 4.0 kb. A plasm id map of pHH49 is shown in Figure 14. 

Isolation of CC83 Heavy Chain Variable Region 

The procedures used to isolate the CC83 heavy chain were essentially those used to isolated CC49 
heiw chain, with the following exceptions. _ . _ 

TCTLeen micrograms of ligated LAMBDA- ZAPru vector DNA were digested ^ 2 w* <* SpeX 
purchased from New England Bioiabs, Inc.. in a total of 100 microliters of an buffer The 

LAMBDA-ZAPTM was digested at 37* C for one hour. The reaction mixture was pherx* erfractad a^ 
eCo. precipitated as pe^Wgen.', protocol. The Spe . dig*** ^ B0 ^^V"^ P ^ 
ed according to procedures set forth in Uwlatls except that 40 foW excess of calf mtoatnal a&aSne 
phosphatase (Boehringer Mannheim. Indianapois. IN. USA) was used. 

^r^bc^was digested to completion with I. Fragments *J £2 
were isolated from a 0.8 percent agarose gel slice by electrocution as described by ManiatJs. and ligated 

wrth the rJec*»phorylated Spe Kut LAMBOA-ZAPTu vector. 

A genomk: library containing 5 X 10* plaques was screened using the probe generated from pNP9. the 
sequence of which is provided in Rgure 13. One positive clone was obtained. The positive done was 
named pHS83. 

Restriction Mapping of CC83 Heavy Chain . 

PHS83 was 7.95 kb. and the size of the DNA insert was determined by restriction enzyme mapping to 
be about 5 kb. A plasm kj map of pHS83 is shown in Figure 15. 

Sequencing of CC46. CC49. CC83 and CC92 mRNA 

Total RNA from about 1 X 10* CC48 cells frozen at -70* C was extracted essemlaBy as reported by 
uwiatfs, with the following exceptions. Four molar guanidlnium isothiocyanate and 2.5 motor sodium 
citrate. pH 7.0. and a SW4QTI rotor corrtrrfuged at 31.000 rpm were used. 

A total of 2.7 mg of CC49 RNA was isolated. After cerrtrrhxjation. poly A* mRNA was P^»fi«dfrom 
about 1.88 mg of RNA by o6c^dT>ceilulose crxomatography using Type 3 ^^>^^J^^ 
from Coflatorative Research. Inc. Bedford. MA. USA. The procedure was * A ^**^ 

Proc Ntfl Acad. Sci. (USA) 89. 1408 (1972). A total of 5024 ug of poly A* mRNA was obtained from 

1 W Alo^3^"m^ CC83 RNA was isolated from approxirr*tery 1 X 10" cells. A total of 54.6 ug of 
potyA* mRNA was isolated from 151 milligrams of total RNA. 

A total of 0.814 mg of CC92 RNA was isolated from approximately 2.8 x 10» celts. A total of 41.88 
rrdcrograrns of pory A + RNA was isolated from 0.814 mg of total RNA _ 

A total of 1.7 mg of CC46 RNA was isolated from approximately 2.89 x 10" cells. A total of 68.88 
micrograms of pory A* RNA was Isolated from 1.7 mg of total RNA. 
oW^tlde 

(ABO Foster City. CA. USA) Model 380A DNA synthesizer, by prmphorarnadite-based chemistry as 

sptcm^ABl The o.igc*udeotidea were purified, as specified by the manufacturer. 

oTa^t poiyacrylamlde gel containing 7M urea. Oligonucleotide concentrations were determined spec- 

ttranded DNA. 
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The following oligonucleotide primers were made for mRNA sequencing: (1) For the CC49. CC83 and 
CC92 light chains, M*). • 22-mer: 

5 -OQAAQATQQATACAQTTGGTQC-3 , . „ . . .. 

comp4me7ly to the ceding sequence of the 5' end of the constant reg.on for mouse .mmunogfobohn 
^ZnTis used to detune ft. Z most mRNA sequence of the light chain vanable reg«on. 

Additionally, or CC49 light chain. 49FR1(*). a 17-mer: 
5-QGAAQATQGATACAQTTQQTQ03 
was used to determine the remaining sequence. 

Additionally, for CC83 Hght chain, J4<-). a 24-mer. 
5'^CAACTTTQTCCCCGAGCCQAACG*3' 
and also 83L CDR2R a 17-mer: 
5'«CAQGGACTCCAQTQTQC-3 
was used to determine tiw remaining sequence. 

Additionally, for CC92 Bght chain, JS<-): 
5'-CQTTTCAQCTCCAGCTTQQTCCC-3 
was used to determine the remaining sequence. 

For the CC48. CC49, CC83. and CC92 7 1 heavy chains. CH1<-). a 24-mer. 

5'-ATGGAQTTAQTTTGQQCAGCAGAT-3' , . . 

^pSmentary to the coding sequence of the 5 end of the murine ,1 ^ ^«ax^*3**>- The 

AddHtonafly. for the CC49 heavy chain. JH4<->-20rner. 
5 ' -GGTGACT GAGGTTCCTTGAC-3 
was used to determine the remaining sequence. 

Additionally, for the CC83 heavy chain. JH2(*hl6mec 
5' -CTGAGGAGACTGTGAG-3' 

was used to determine the remaining sequence. , _„ 0 ■ 

tonally, for the CC92 heavy chain and the B72.3 heavy chain. B72.3/CC92 HO20mer 

5 -CCTTGAACTTCTCATTGTAC-3 

was used to determine the remaining sequence. ' ..asm 

x ThTtoilowing procedures were carried out as outlined by Jan Gelliebter ,n BRL FOCUS 9. 1 <l987y 
T^oC^de^ 1C4> ng <* oligonucieo^ 

50mM TnV^n>.^M MgO,. 5mM diftitfhreitol. and imM spermidine. 100 uO (y »P) ATP 
mcJL> and 7SL of T4 polynucleotide Knasein a J^*«^~ £ 
Aito^ to proceed at 37* C for 30 minutes, then heated for 5 minutes at 65 C to u^^^lo^^and 

^S^rt* sampies. each containing about 13 micrograms of pory(A)' mRNA of CC48. CCWJ GOt or 

a, K °\ 5 ng sampie of end-iabe»tod oHgonucteotide primer was "^.^^ * 

80 'C tor 3 minutes, and annexed for 45 minutes at 61 C for the *£) and I66 C 
ottJnudeoikies. AMV reverse transcriptase (Ek>ehringer Mannheim) was used at 
^stqua^ 

« sequence data s^ 

lght^^^5;CC40 7 1 r««vy chain used a Jh4 The CC» «Q« ^ «5ffi 

71^7 J^Z. The CC46 kappa 'HjW chain used a J2: the CC46 heavy chain used a J*3 The CC92 Bght 

iWSlltS- CC49 V H . with the underlined segment, showir, the 

" ^ iTTne^ V. - - underiined segments show fte 

TSlT^^^ V. shown in r^ure 2. were derived u*ng 

« ****** of CC49 V, with the underlined segment, show »e 

^ r^^^Xra^f^ V, - the underHned segments show the 
sequences derived using oligonucleotide primers on mRNA. 



26 



EP 0 365 997 A2 

The entire nucleotide sequence of CC92 V u . shown in Figure 6. was derived using oligonucleotide 
primers on mRNA, 

Protein Sequence 

Purified murine CC49 and CC83 immunoglobulin molecules were sent to Or. George Tarrat the 
Unrversrty of Michigan Protein Sequencing facility for NHj-terminal amino acid sequence analysis . 0^ Tarr 
u^W Edman degradation method, as modified by Tarr. G.E. in "Manual Edman Sequenanc , System . 
M^wtiKkatior, of Potypeptidea: A Practical Manual (John E. Shivery, ed.. Humana ^^^hlm 

artjheavy chains of the immunoglobulin molecules were separated by reverse phase HPLC. 

the amWacid sequence for CC48 V. with the resute of the am*o ac* sequence 
ceterr^k^ for the first 24 amino acids of the mature CC48 * bemg underW Bgure 5b shows the 
an^ aod sequ^ f«x CC83 V U with the results of 

amino acktotf^ature CC83 V t being underlined. ASN-20 could not be ^^.^J™.*** 
c^T because of the presence of ranked carbohydrate residues at tNs position. whx* * ^ *• 
PNQ.se F experiment below. The sequence Asn-lle-Thr corresponds to the consensus sequence Asn-X- 
Thr/Ser for carbohydrate attachment to Asn. 

a^tiTneavy chains of immunoglobulins CC48 and CC83 are blocked at 
unavailable for amino acid sequence determination, the native grycop^«ide was £"*^J*^ 
bromide (CNBr) to cleave at the methionine residues. The cleavage t ^^J^^f^^ 
ouified by reverse phase HPLC. N-torminal amino acid sequencing was performed on ^ j****"*"* 
( ^rZ*ot famine add determination of one of the CC48 V M CNBr P^<**™« « 
inolcated as underlined residues in Figure 18. The results of the amino acid lon^ offte 
SmVh CNBr peptide fragments are indicated as underlined residues in Figure 19 As wrth CC49. an other 
peptide sequences correspond to CNBr fragments derived from the constant region of mouse T l. 

Determination of N-Unked Carbohydrate on CC83 L Chain 

Thia exoeriment was done to verify that there is an N-tinked carbohydrate attached to the CC83 light 
cJTjS^ £Zm F^re 5b). The eruyrne grycc^tidase 

from thVaZe filtrate of F/avobacferfum Mm*gm**m "*hJ2^™* 
4885-4671 (1985)1 win cleave high mannose and/or biantennary complex sugars N "* nk8 f*/f r V™ 
JET. le^ydrate stnjctijre and an ASP residue from the ^^^^ ^a^ 
deference in molecular weight between the glycosylated and ungrycosylated form of the same peptide can 

" IZTZ^^L with and without PNQase F <^^^ 
for the purifJZne antibodies CC49. CC83 and CCliFJ* h ^^^^^1^ 
final aqueous reaction volume of 40 microliters. Four microliters of 10 x ^^^^Tf^^; 
S7m^*X EOTA pH 7.4, were added to each reaction mix. ^.^^^^^^ 
F 9 , 7S microliters of PNOase F were also added and all tubes were incubated ^^^^^V^V^^*'^^ 
on tubes was added 40 mlcroBters of Laemmli 2X sample dilution buffer obtaining *™***°«^ _ A 
10 percent SOS poryacryiamide gel was electrophoresed. the gel stained ^'9 < '° m ^^?^!^^ wsjnase 
250Vd detained. Figure 20 show, the results. As shown in lane 2. a new band O appears .n the PNGase 
MreSd CC83 sempVbut not in the untreated CC83 sample (lane 3). ^J^bj«d« 
2.000X1.000 molecular weight smaller man the natrve BgM chain ^^^^^T^^ 
***** carbohydrate moiety. The only consensus grycosylation srte for the CC83 DgM cairns * : ASN 2a 
ao by inference it is assumed that this is the actual site d glycosylate and why *<™J™J^»P 
r^el^^nce analysis of the CC83 Ught chains as ASN. The CC49 light chain does nrtdwg 
SleTES. XpNOaae F (lane 6). but a new band ^servedfor <^^£££2 
CC11 F(ab'h Oane V) which serves as a positive control. mRNA sequence daUcrtCCII ha^vy chain 
Sweatee -consensus glycosyfction sit. in the V ^^Z^^Z^ 
bovine serum albumin (BSA). MW 68.000 and soybean trypsin inhibitor (ST1). MW 21.500. 



DMA Sequence 
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Plasma DNA was sequenced directly using the Sequenase ONA sequencing Wit. obtained from United 
States Biochemical (USB), Cleveland. OH. USA. USB's protocol was followed to sequence a^blestrarxtod 
ONA. The DNA of each variable region was sequenced using the J H or J t ollgo determ.ned from me mRNA 
sequence information to be specific for each productively rearranged heavy chain or light chain gene. 

^AJtoTtoe initial sequences were determined, the sequence was extended further by using additional 
primers. The additional primers were synthesized using information gathered from the sequences prwnously 

Q6 °^' the above technique, the ONA sequences of the entire heavy chain variable region axons and 
Bght chSi variable region exons of CC49 and CC83 were obtained. The DNA sequence was compiled and 
analyzed using Hitachi's ONA sequence analysis software program ONASlsm 
The following oligonucleotide primers were made for ONA sequencing: 

(1) For both light chains. Cn intron{-): 
S'-QAAAACCTQTGTCTTACAC 3 . 

(2) For the CC49 Oght chain. CC49 FHI<*): 
5 -QTACCTQTGGQQACATTG 3. 

and JK5B-23mer 

$'CGTTTCAGCTCCAGCTTGGTCCC?3 . 

(3) For the CC83 Bghi chain. CC83 CDR2(-): 
5-CAGGGACTCCAGTGTGC 3. 

CC83 L frrtron (-): 

5'GACTTCAAGATACAAATGTTAG-3 . 
and JK4<-)-20mer 

5 -CCAACTTTGTCCCCGAGCCGAACG. . - 

ThTcomptete nucleotide sequences for CC49 V t and CC83 V v are shown in Figures 4a and 5a, 

respectively. 

For the CC48 heavy chain. J*4 {-)-2Qcner. 
5'GGTGACTGAGGTTCCTTGAC-3' and Jm4 Intron (-): 
5-GCAATGCTCAGAAAACTCC. 

For the CC83 heavy chain. JH2<-H6mer: 
5' CTGAGGAGACTGTGAG-3 
and Jh2 mtron(*): 

5-GCAGTAAAATCT ATCTAAGCT G. rrjfl/ft1 

Thereafter, the sequencing of each heavy chain was extended with the following sequences: uuwrc 

HC*'<*) 

5'-GCACTGCTCATGATATGCAAATC-3 ; 
CC4^83 HC/5'<-> 

5 -GATTTGCATATCATGAGCAGTGC-3 : 
and CC49/83 H chain FRH-) 

5'-CTCAGCGTCAGACTGCTG-3 . 0 

Tr-^pletemxd^s^^u^for^ v « ^ CC^ Vm are ^ .nRg^ 2^ 
Cornparisona were made between the characterized mRNA sequence and the <^«cterizedONA 
sequence, and between the characterized amino acid sequence with the amino ^J^^J^Z m 
JronSme DNA sequence. Based on these comparisons, the piasmid clones were identified to contain the 
cc^ DNA sequence to c«*fc< the CC49^ 

The predicted amino add sequences from the nucteotide sequences of the heavy 
regions of CC49 and CC83. a. shown in Figure 2, show extens^sequeoce ^^T^n me' 
fr^nework regions and hypervariabte regions 1 and 2. ^^^^^Tl^Zl mTcSatT" 
two due to the recombination of the V M region with different 0 and J H sequence, namely that the cc48 ,1 

heavy chain used a J*4. and the CC83 gamma 1 used a J*2- 

^rCllnslv. ONA sequence homology 5 to the coding regions in the CC49 a^C^heavy chain 
variable region genes shows the two heavy chain variable region genes were derived from the same- 
germSne exons. 

Isolation of V-aTAG. Germline Precursor Gene to the Heavy Chain of CC46, CC49, CCg. and CC92 

The procedures used to isolate the germline precursor gene to the heavy chain variable regions of 
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CC46. CC49. CC83. and CC92 were essentially those used to isolate the CC49 heavy chain variable region 
except that the DMA used to generate the LAMBOA-ZAPTU library came from an irrelevant hybridoma cell 
line (l.e.. a cell line which produces antibodies that do not appreciably bind to TAG72). A genomic library 
containing approximately 900.000 plaques was screened from which one positive clone was isolated. The 
5 positive done was named P Vm«TAQ. pV^TA was about 5.2 kb. and the size of the DNA insert was 
determined by restriction enzyme mapping to be about 2.2 kb. 



DNA sequence of VhoTAQ 

° The following oligonucleotide primers were used for determining the DNA sequence of VmoTAQ: 

B72^VCC82 HC-20men 5'-CCTTQAACTTCTCATTQTAC-3' ; 

CC48/CC83 HC S(+): 5'«GCACTGCTCATGATATGCAAATC*3 ; 

CC46AX83 HC 5W: 5-QATTTGCATATCATQA6CAOT6C-3 ; 
, 5 VmbTAQ IVS (♦): 5 -CT AAAGTGGAGTCAGGGCCT G-3 ; 

Vm«TAG IVS (•): 5'^GGCCCTGACTCCAC7TTAG-3'; 

VmoTAG C0R2 (♦): 5 -GAATGGATTGGATATATTTCTC-3 . 

The complete nucleotide sequence of V„aTAG is shown in Figure 2. 



isolation of Human Heavy Constant Genes 

Plasm*) constructs containing the various heavy chain human constant regions (prl. p-,2. Pt3. and 
0^4) were provided by Dr. Ilan R. Wrsch of the National Cancer institute. Bethesda, Maryland. 

Restriction enzyme mapping was performed on these genes to confirm their identity. Restriction maps 
for the human constant regions are enclosed in Figure 21. 
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Chimeric Light Chain 
Murine CC48 V Region 

The HknJ III site of the CC40 Hght chain genomic DNA located in the murine intron region between J5 
and C* (see Max Edward E. et a!.. J. Biol. Chem. 256. 5118 (1981) was tost in the ctoning procedure where 
hatf-Wed in Hnd ill sites were llgated to half-fllledln Spe 1 sites in the LAMBDA- ZAP vector. The piasmid 
pRLiOl (Figure 9) carried this modification. The intron Hind III site was regenerated asoutined m the steps 
below in order to enable a Hind Itt-fiavn HI human germine kappa light chain DNA fragment (see Weter. P. 
et at. J. BloLChem. 257. 1516 (1982) to be llgated to the murine variable region directly. AO steps were 
performed using standaTd molecular biology techniques familiar to artisans and can be found in a manual 
such as Maoet/s. 

A 1.89 kb Bant HhPst I fragment is isolated from pRLiOl. described supra. A 2.96 kb flaw Hl-Psf I 
fragment is isolated from pBluescript SK<-) (purchased from Stratagene). described supra. The two 
fragments are then Boated and pRLl03. betow. is isolated. 
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10 



13 




20 



Ptwmki pGOI. (described supra), was digested with Psf I and MUrfltt restrt^enxymes Jo yietd the 
necessary 1.03 W> introrH»ntsWno fragment and pflLIOft wss also digested with Pst and Wnd III 
restriction enzymes to remove ma smell fragment of DNA in the poryinkor. 

A partial restriction map of pGDl and pftL104 are shown below. 
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Human C« Region 

pusmid phum Ck «tt obtained from Or. John Rodar. Mt Sinai Reaeaxch instttuto. Toronto. Ontario. 
Canada. TbapiatiittiacJarlvedfr^^ 

iruartad iherain. DBR322 la daacribad on paga 171 of tha 1887 Stratagena catalog. Tha 12 M> flam Hi 
t^SS*^* \SmS2. [frcXtar. P. at al.. J. BioL Ctmm 257. 1518 (1982)]. 

phumCk 



Hindlll 




Ck 
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The piaamW phum d was digested with Hfnd III and flam HI restriction enzymes to yield a 5.0 kb 
fragment containing the human C k axon. P RL104 was digested with Fsp I and "tod :;i restriction enzymes 
to yield a 4.2 kb fragment, containing the mouse light chain variable axons of CC49. 

The two resulting fragments were joined with T4 DNA llgase to produce a 9.2 ^fragment ™<**J» 
mixture ol resulting fragments. This mixture was digested with Sam HI to yield an 7.7 kb flam Hi CC48 il 
chain chimeric construct with flam HI sticky ends, which contains both the mouse variable region axons and 
the human constant region (kappa) axon. These constructions utilize the human enhancer sequences and 
the murine promoter sequences. 

The chimeric Sam HI fragment containing both the murine light chain vanable region axons (L andW) 
and the human constant region kappa (k) axon ws Ugated into the BamHl site of wi* the P^^V2neo 
(5 8 kb). a pBR322-derived plasmid containing the selectable marker gene neo (obtained from ATgg). ne 
presence of the active neo gene renders a cell resistant to growth inhibition by Genetictn. a neomyarHike 

^ThTcWn^flaw HI fragment was inserted into pSV2neo in both orientations as shown below. Both 
transcriptional orientations of the chimeric Bght chain gene, relative to the neo gene, were constructed. 
Ptaamid pSV2neo was linearized at the Bam HI site, dephosphorylated (according to procedures setl tort; in 
Umntmtm using calf intestinal alkaline phosphatase (to prevent selWigatlon) and Ugated with chimeric CC49 
L chain Sam HI fragments from above. 
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The trrartptfonti ocwmtatfon, of (he /wo gene and the CC49 chimeric light chain are tndcated by 
arrows in pRL150 and pRUW. The portent are derived from pSV2neo are indicated. Thew pUsrmto were 
purified on a large ecale from preparative teate (1 OL) fermentation of £ coll clones repeating each of me 
ptasmids. The purified plaamida were used to introduce the chimeric CC48 light chain mto SPZ/u 
plasmacytoma ceBs as (flscwwd betow. 



Murine CC83 V t Region and Human C« Region 

The ma ill site in pRL200 which was tost in the cloning process of the CC83 l ight c hain was 
regenerated for the same reason as for the CC49 light chain chimeric construction. The regeneratienwas 
accompiahed as follows. The piasmJd pRL200 was linearized at a unique Nhe I site, and both of its sticky 
ends were converted to Wunt ends by fifflng in with dNTP* and ONA polymerase I. A Bam Hi P^Phoryist- 
ed linker (purchased from New England Bloiabs) was llgated to the fliled-in site. The new plasmkj is called 
pRU01 and Is shown below. 
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The Z5 kb Bm HWsf I fragment from pRL201 containing the CC83 BqW chain variable region 
genomic ONA was conveniently Boated to the 4kb flam W-Psf I vector fragment from pRU04 which was 
described earlier in the CC49 Ight chain constructions and which already had the Hind Ill-bearing mtron 
fragment The new ptasmid la called pRL202 and is shown below. 
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The approximately 5.05 kb F$f+Hind Id fragment from pRL202 was isolated and Boated with the human 
C,rcontaWnQ 5.0 kb Hhd IH-Sam HI fragment already described for the CC48 Bght chain chimeric 
construction. The generation o< the CC83 light chain vector was accomplished from this point in an identical, 
fashion as carried out for the CC48 Bght chain. The resulting 8.5 kb Sam HI CC83 light chain cttmeric 
construct was also Hosted to pSV2neo-esm HI (phosphatased) and plasmida with both possible orientations 
of the insert were obtained as diagramed betow. 



ss 
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EcoRI 



Baa HI 




m l taB .B»W 




Baa HI 



The trarm*k*Jonal wientations of the n<W g*ne and the CC83 chimeric tight cham are "Seated by 
arrows in pflU03 and pRL230. These plasmids war* purified on a large scale from preparative scale (ixa.) 
lamentation in a commercial incubator of E. cotf clones repeating each of the plasmids. The ponfied 
plasm** were used to introduce the chimeric CC83 Bght chain into Sp2/0 plasmacytoma case, as 



AM four of the chimeric light chain plasmid constructs (pRLIOS. pRLl50. pRL203 and pRL230) can be 
ineertoed by ctgesting with the restriction enzyme Aat II. The Aat II site in the plasmids is in a region that 
is not essential tor the expression of the chimeric light chain gene or the selectable marker gene, nea 



Chimeric Heavy Chains 



Human Gamma Constant Gene Exona 

The plasmid vector used to carry the chimeric heavy chain constructs is designated pSV2gpt set forth 
in Mutagen and Berg. 'Selection of animal cells that express the £ coll gene coding for xarrtNne-guanine 
pnZSo^^ HOC NMtt Acmd. Sd (USA) 78(4). 2072-2078 {1982). pSV2gpt Is a pBR322 

derived plasmid containing the wMectabte marker gene, guanine phosphortbosyl transferase 
be used for selective growth m media containing myccphenollc add. To prepare pSVgpt as a recipient for 
£ZTcrl. *1 exona. » was digested with Eco Rl and flam HI. ^J^^2 

fractionated on a 4 percent poryacryiamtte gel and the 4.5 kb vector fragment was recovered from the gel 
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by electroelution as described in Maniatls. This linearized plasmid was designated pSV2gpt/fVB. a piasmid 
map is shown in Figure 22. ft Is able to accept ECO RUBam HI ended fragments. 

The 5 HM 111 sites, present on the human kjG, constant region fragments, were converted to fcoRi 
st J£ Erected ckxOnt 1 the £co Rl site of pSV2-gpt. For T l. ,2. ,3. and ,4. the Eco R. s,te ,n vector. 
pBR322 was employed. 



w 
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The fragment combing the human 0,1 exona was obtained by digesting arx3 Hazing p^wim H&wf 
„, fcZed^llnTTme «nd III stk* ends using all four dNTFs and tt» ^J^lt^Z 
P^J!nwa«i to make the Hind "I ends blunt An £co Rl linker was ligated to the blunt ends to ***** *e 
^IndWs!* wHh^rTfoo W site. This construct was then digested with t"co Rl and Bam Hi to release a 7.8 

kb fraoment containing the Oyl exons. This fragment was called Oyl-78 kb. 

T^TZ e«*Ved into the 5co Rl-Bttrn HI sites o. ^^^f^f^ 
, 7 21 daeton allowe u* to insert any murirw r^ cliam variable region gene (with Eco M ende) irto the 
f^^C^STh^ ch*n Je£rV More sp~r»c*ry. ,25 ng of «ha » 
^««. M»> » .00 ng o. the Sr^n^d pSV2gpWVB veao. in » volume oMO * Jf 
S^-W- trom l%w 6ngi«nd Bloiabs). Fro»n compel f. 

(Sen OieooCA) were transformed with a ligation reaction according to the hydrogens Protocol. Ttie 
'^Xn* — c*^n*»d pSV2gpt7t-7.8. A plasmid map ol pSV^gpt^ las^wn 
^iS^Tanother shorter fragment containing ttie Cyl exons we* generated. C<«^« b °^J h8 " al 
chTW wrtt, a 7.*b Cy. trogment a ^f*^^*^? 
v«i^ mgion 0. 1.9M. (to*. ,4.2kb> prompt* the need to ^J*^, - """? ™* 
fco RWS*n HI fragment The coding region of 7.8kto Cyt occupies only ttie first 10 ol the 5 end ol the 

''"^reduclionwu.ccomptls^^ 

vJSZTZ H. Ink*. III »» ol PttI -a* conv«ttd to an Eco Ri is*. ^^«*"^ 

^T^lll flUno in the 3' end 10 create . blunt end. and addition ol Eco FU linker, as J"™ " 

*^2L. ~s conv«»d to a 8am HI site by ^^f^l^SV^ h1 
in HI Snkor, dkectty to the btunt Pvu II ends. This coratruct was then digesttd «^ f»™ 
to7e£^TE»rn«« conrtrfng the Cy. exon* The .honened 

contain* the T i exona and the 3 potyadenylatton sequence. This reduces the total vector size by 5 -So. 
nuking the overafi construct more manageable (tottW.7 kb>. a-a-i-d 
^ooroxlmately 200 ng ol the human Cyt 2J kb fragment was lotted to 100 ng 
puJSo^v^VB v«ir in a volume ol ,0 u. using 400 ^ <* T * 

^-TSn^m £ ccM cett*. obtained from Invitrogen. wet. transformed with the ttgatton resetter. 
"^Z^T^^T^- The r. M rong p*smid wa. desKjna^ pSV2gpt T ,-23. A pttmld rr-p of 

pSV2gpt-r 1-2-3 It shown in Figure 24. . . u-w-h t>h» 

DNA fragment, containing the other three human igQ constant region ^JT^^^J^ 
Cy2 exwtswW recovered from the plasmid p* as a 4.0 kb Eco fihBem ^*^2 
ZZutnd from the piasmid p^ as an aO kb ecoRI-flant HI tracment The Cy* exons werer^ered 
^^o^To^T^tT^ Eco RJ-Sa/n HI fragment The fragments were s^jarately Igatedimx, a 

Cl.7.8 and C 1-2.3. Plasmid maps of the resonant p*sn** are shown in 
Figure 25. pSVagpt-rfc Figure 28. pSV2gpt-r3; and Figure 27. pSV2gptnr4. 



so 



Heavy Chain Chimeric Constructs: 

The complete heavy chain variable region human yi constant region chimeric cemtn^wer* 
«JratJ^T^. fragment containing the murine heavy chain variable region exona into the 
piasmids containing the human 7 l constant region exons described as foltows. 

£co Rl fragments containing the murine heavy chain variable region genes from CC49 >ndCC83 
hybrt^cTw^^^ed- into each of the 7 l^contain«ng pSV2-gpt vector, lPSV2gpt^l; 
P SV2gpt-r2; p8V2gpt-r3; pSV2gptn4:) as follows. 



CC49 
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A fragment containing the heavy chain variable region axons coding for the CC49 heavy chain variable 
region was prepared by digesting 14 ug of pHH49 with 50 units of £co Rl (obtained from BRL) at 37 C f or 
2 hours. The digest was fractionated on a 4 percent poly aery lam KJe gel and the 1.9 kb Eco Rl fragment 
containing the heavy chain variable region exons of CC49 was recovered by electrocution as described by 
s Manlitfs. This fragment was designated f49fl. 

A fragment containing the 7.8 kb sequence encoding for 7 1 *« prepared as follows. 

Approximately 50 ug of the vector pSV2gpt 7 1-7-8 was digested with Eco Rl. The resultant fragment 
was dephosphorylated (to prevent self ligation) using calf intestinal alkaline phosphatase as described by 
MfUttts. The fragment was purified from the 0.8 percent agarose gel by electroeJution. This vector was 
10 designated pSV2gpt 7 i -7.8/R 

The EcoRI site is located 245 bp upstream of the transcription initiation sites, and contains the promoter 
and the necessary tissue-specific sequences for efficient expression. The intron regions 3 of the variable 
region genes contain tne murine heavy chain enhancer sequences which are absent on the human kjQ 
heavy chain vectors. Therefore, the heavy chain chimeric vectors use both murine promoter and enhancer 

15 sequences. , , _ 

Approximately 325 ng of linearized pSV2gpt 7 1-7 8/R was ligated with 188 ng of f49R m a volume of 10 

uL with 1 unit of T4 DNA ligase (BRL). Frozen competent £ coil AG-1 cells from Stratagene were 

transformed with the ligation reaction according to their protocol. The resulting plasmid was designated 

p48-r1-7A Figure 28 illustrates a piasmJd map for p49r1-7.& 
20 Approximately 50 ug of the vector oSV2gpt-r 1-2.3 was digested as for SV2gpt-rl-7.8 with gco R L 

resuftant fragment was dephosphorylated using caff intestinal alkaline pho s p h atase as described by 

Wanfrf/t. The fragment was purified from an 0.8 percent agarose gel by electroelution. TNs linearized 

plasmid was designated pSV2gpt 7 l-2.3/R 

Approximately 300 ng of the linearized plasmid pSV2gpt ,l-2.3/R was ligated with 188 ng of f48R m a 
n volume of 10 ul with 1 unit of T4 ONA ligase (BRL). Frozen competent £ coll AG-l cells from Stratagene 

(La Jotta. CA) were transformed with the ligation reaction according to their protocol. The resulting plasmid 

was designated p48-r1-2.3. Figure 29 illustrates a plasmid map for p49-ri -2.3. 

Plasmids pSV2gpt-r2, pSV2gpt-r3 and pSV2gpt~r4 were separately digested with Eco Rl to produce 

the linear plasmid vectors pSV2gpt-y2/R. pSV2gpt~,3/R and pSV2gpt-y4/R respectively. Each of these 3 
jo linear plasmid vectors were separately ligated with I49R. Plasmid maps of the resulting plasmids are shown 

in Figure 30. p49~y2; Figure 31. p49-r3; and Figure 32. p4&~r4. 



CC83 

Chimeric constructs containing the heavy chain variable region of CC83 were generated in a similar 
manner as the chimeric constructs of CC49. A fragment containing the heavy chain variable region exons 
coding for the CC83 heavy chain region was prepared by digesting 19 ug of pHS83 with 50 units of Eco Rl 
(obtained from BRL) at 37* C for 2 hours. The digest was fractionated on a 4 percent potyacrylamide gel 

« and the 2* kb Eco Rl fragment containing the heavy chain variable region exons of CC83 were recovered 
by eiectroefution as described in A/an/ar/s. This fragment was designated f83R. 

Approximately 300 ng of the linearized plasmid pSV2gpt 7 1-7.8/R, obtained as above, was ligated with 
270 ng of f83R in a volume of 10 ul with 1 unit of T4 ONA ligase (obtained from BRL). Frozen competent £ 
con AG-1 cells, obtained from Stratagene. were transformed with the ligation re action a dding to 

40 Stratagene't protocol. The resulting plasmid was designated p837l-7.a Figure 33 iikjstratea the plasmid 

map of p837i-7A . 

Approxfmatery 90 ng of linearized plasmid pSV2gpt *l-2.3/R. obtained as above, was Bgated with 270 
ng of fS3fl in a volume of 10 ul with 1 unit of T4 ONA tigase (BRL). Frozen competent £ cod AG-1 ceils 
from Stratagene were transformed with the ligation reaction according to their protocol. The resulting 
so plasmid was designated p83r 1-2.3. Figure 34 illustrates the plasmid map of P&h 1-2.3. 

Plasmids pSV2gpt~r2. pSV2gpt~r3 and pSV2gpt-r4 were separately digested as above for pSV2gpt- 
7 2/R pSV2gpt-r3/R and pSV2gpt- r 4/R. respectively, with Eco Rl to produce the Hnear plasmid vectors 
pSV2gpt-r2/R. p3V2gpt-r3/R and pSV2gpt-r4/R respectively. Each of these 3 linear plasmid vectors were 
separately ligated with t83R Plasmid maps for the resulting plasmids are shown in Figure 35. pKHZ 
ss Figure 36. p83~y3; and Figure 37. p63-y4. 

Ad ten of the circular plasmid constructs (p49y\-7.B; p49^ 1-2.3; p83^l-7.8; p83ir 1-2.3. p49-,2; p83nr2; 
p49-r3: p83-r3: o49-r4: and p83-r4) were then linearized for transformation by digesting with the restriction 
enzyme Ndo I. The Nd9 1 site in the plasmids is In a region that is not essential for the expression of the 
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chimeric immunoglobulin gene or the selectable marker gene. gpt. The plasmids need to be in a linear lorm 
P^tra^oZtion intoTredpient cel. to enhance selected integration of the DNA ,nto the host cell 
genomic DMA. 

Verification of Construction _ 

Since the EcoAl fragments can be ligated in either orientation, the correct orientation was determined 
bv dksestJon with Nco I. In the constructions set forth above, correct ligations for plasmid construction are 
confln^sdby performing restriction enzyme site mapping on the plasmid. ^ J?*^^™ m £ 
friction enzyme digestion and gei electrophoresis is compare^th^w^ can be 
£c^ty generated from the indrvkiuaf starting fragments. Because of the axperience with transo^- 
tfonal citation in the tight chain vectors, the heavy chain vectors were constructed only wi the opposite 
transcriptional orientation to the gpt gene. 

Transformation of Plasmids into Mouse Plasmacytoma Cells 

VVhen both lig« croin arxj heavy chain chimeric genes were transformed 
(HxU) immunoglobulins are obtained. Synthesis and secretion of these 'chmwte ^^P^J*~ 
a^p^T^oouang the chimeric (mouse V-human C region) genea ^ t mc ^^S^ 
^Sp^ranstomation was achieved by electroporation (Sahagan. B.C. et al.. J. jfnmunotogy 137. 1068 

(196 BLession of chimeric (mouse V:human C region) genes in transformed mouse plasmacytoma cells 
(Sp2/0) is achieved using two different techniques, m one mode. ^^^^J^^^?^^ 
£svy chain genes can be introduced together. This is referred to as cotramformation. Arterru^vely. stable 
clones carrying the chimeric light chain gene can be obtained and subsequently usedma ^corvJmode 
rrfarrod to as targeted transformation . In each method, the goal is to obtain clones containing genes for 
both the H chain and L chain which produce intact H 2 U immunoglobulin mentioned above. 

A. ^^transformations 

ftHrarcriwrnatfon involves the transformation of cells with both drug ^stance n^rtorsat^e same 
time and subsequent selection with one or both drugs, (^transformation of heavy chain andBght chain 
vectors (at ratios of 1:1 and 1:10. respectively) was originally r~tormed ^^^^T^* 
rM «tant cell lines were obtained which expressed the first cNmeric ^^^J^T^^ 
TAG72 binding activity, (^transformation was conducted pursuant to the protocols " 
Q^.^«3? BWency Gene Transfer into Mammalian Cells-. ONA CJonlno,. Vol .1. 0. M. Glover edJRL 
Press. Oxford. England (1985). 



so 



ss 



B. Targeted Transformations 

Constructs containing light and heavy chimeric immunoglobulin genes were sequentially J™**™* 
using into Sf^ mouse plasmacytoma cells. Targeted trar^atioo ^^J^^^^ 
wrih a vector caitam^ 

followed by trarwrforrnatJon and selection with a vector containing a second drug resistance gene (i.e. 
mycophenolic add for the chimeric heavy chain gene vector). 

Noo Selection 

Prior to transformation with pSV2-neo vectors which contain chimeric light ^«^SZn^ 
selection conditions for inhibition of growth of untransformed Sp2tf plasmacytoma celts [obtained from the 
ZmrfcZi Type Culture Collection (ATCQJ were established by titration of the «™*^<£» 
Genets (GI8C0). Published values for concentrations of Genetlcin used for drug *™ 
100-1000 ug/mL Concentrations above 400 ug/mL were found to prevent growth of Sp2/0 cells in our 
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tissue culture environment. 

Construction of Light Chain Containing Cells 

SoZjO mouse plasmacytoma cells were initially transformed with light chain-containing pSV2-neo 
voctoTw follows. Cells were grown in RPMI 1640 medium with 5 percent fatal calf serum CeUs were 
^Z? n PBS and suspended to a concentration of 1 x 10' viable celis/mL PBS. 0.8 mL of cells were 
tr««tarmd to an eleclroooratton curvette (on ice) containing 20 ug of light chaio-conta.mng pSV2-neo 
^cnSLlO5^^^CC40 chimeric' L chain and pRL203 and pRl.230 for the CC83 cNmeric 
TSLo) linearized with Aat .1 restriction endonudease. Aat I. was inactivated by heating *Jff£» 
esTZ\o, 10 minutes. The linearised DMA was ethanol predpitated an^bs*^ " ^ 

microliters of PBS. After 15 minutes on ice. electroporation was performed uang | a Gene Puiser elec 
S^SS apparatus with added capacitance extender (BloRad) at 02 kvotts and 960 uF. The time 

Afterwards, me cells were suspended in 24 mL of RPMI 1640 medium com*** | 5% fatalca* 
senjrn^RP^I*)and transferred to a 96 or 24 well plate. To decrease the ^^^^ ^ ^^^^^^'^ 
££ant cel. per well. the cells were also diluted 104*1 in medium (RPMI*) and plated Nrtto another 98- 
weH (or 24 weU) plate. The cell suspension was incubated at 37 C and 5 percent CO, _ 
After 48 hours (to allow for expression of drug resistance), the medium was removed and replaced wrth 

medium containing 1 mg/mL Geneticin. . ... . 

^u^^Tdays. Genet>cirwesistant clones were subcultured and the cells screened for ch.menc Ught 

chains by cytostaining. 



Cytostaining 

ASouott of cells were pelleted onto a glass slide using a cytospin-2 centrifuge (Shandon. Inc.). After air 
drying^ cells were fixed in acetic acid/ethanol (5 parts acetic acid/95 parts ethanol). After 
wTpWL CA^ and Mg^ the slide* were placed . a humid chamber <^™>^^** 
20 minutes with 20 til of goat anti-human Kappa-FTTC. aHuorescem dye^nxjattd 
soecific for human kappa light chains. The conjugated antibody was diluted 1:3 with 1% BSA in PBS-*** 
w^*ng overnight with PBS. the slides were mounted with fluoromount^. K*^^*"*™?^ 
roo^^Southmn Biot^> under. coverslip.Tr^^ 
2 microscope equipped with an er>n»uminatJon U.V. attachment 

^^^^ensity of fUxxescence. the constructions with the orientation of me W 
opposite transcnptx^nal orientation relative to the direction of transcription of the *^j^'"J™ V ^ 
^T^ndTgrvVme highest L chain expression. Therefore. pRL105 was the *«^<^J^™ 

anVpRL230 waTthe favored CC83 L chain ccnstructkx, As a resu« of 
Sk^-T^rn^ light chain^taining cell lines (derived from Sp24» were used for the targeted 

U *tnS°CC« chimeric L chain one ceil line (49*13-1 3) was obtained which expressedd^^ 
Eight chain derived from CC49. This cell line was used for ail subsequent targeted transformations witn 
chimeric heaw chain vectors for constructs using the chimeric CC49 tight chain. 

^mTo^imeric L Chain three celMinea (83K-26-5. 33K-34-10. and 83K-42-2) wereobttuned 
wh^expr^Tme chimeric light chain derived from CC83. One c*. '»•<»«« th^Zs 
intenser/men the others and had localized regions of cytoplasmic immunofluorescence. All three cell Mines 
^rr^Tu, meir relative ability to produce high levels of chimeric 

mTcWmeriTcCBa gl heavy chain vector. More clones expressing chimeric antibod* .were <^<™ 
ZxwL of tti ttKOMO tare* man either of the other two chimeric light chalet cefl Unej. 
liwore the 83K-34-10 light chain cell line was used as a target lor subsequent etectropor««ons with 
chimeric heavy chain vectors lor constructs containing the CC83 light chain variable region. 

Generation of gpf Resistant clones carrying CC49 and CC83 chimeric H chain constru ctions 

Prior to transformation with PSV2-gpt vectors, which contain chimeric heavy chain constructions, drug 
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selection for inhibition of growth of untransformed Sp2A) plasmacytoma cells (obtained from the American 
Type Culture Collection (ATCC)J were established. Conditions for drug selection of cells transformed with 
pSV2-gpt vectors were more difficult to establish. The f. coll gpt gene, which codes for the enzyme 
guanosine phosphoribosyl transferase, confers the ability to utilize xanthine and hypoxanthine as substrates 

9 for the biosynthesis of guanine when the mammalian guanine metabolic pathway is inhibited by 

mycophenolic acid (MPA). * 

Published values for the concentrations of MPA which allow for the growth of other lymphoid cell lines 
transformed with pSV2-gpt vectors were found to be almost two orders of magnitude too high to allow for 
the growth of Sp2/0 cells transformed with pSV2-gpt vectors in our tissue culture environment Subse- 

10 quentty a concentration of O.lug/ml of MPA was found to be optimal for selection of gpt resistance. In 
addition, the use of aminopterin and thymidine (to further shut down the guanine pathway) was found to be 
unnecessary. 

is Generation of Clones Producing of Chimeric 44 Antibody 
CH44-I 

» 40K-13-13 cells were used as a target for chimeric heavy chain constructs. The cells were transformed 
with 20 ug chimeric heavy chain DNA vector (p4*rl-7.8 or 049,1-2.3) linearized by I digestion. 
Transformation by electroporation was performed as above for chimeric light chains. 

Selection after 48 hours, however, was performed by replacing the genetidn-containing medhjm with 
medium containing geneticin and 0.3 ug/mL mycophenolic acid. 250 ug/mL xanthine, and 10 ug/mL 

n hypoxanthine. 

Transformed ceils grew to macroscopicaily visible colonies in 14 days. At that time. SOul of supernatant 
was removed and assayed by EUSA methods for binding to TAG and expression of human igG constant 
region. WeHs containing cells with positive TAG binding were expanded to 24-well plates with fresh drug 
selection medium and allowed to grow for 3-7 days, 
so Subctoning was performed as follows. Viable cell counts were determined and the ceOs were reptated 
into two 96-weil plates. One plate received 50 viable cells and the other received 250 viable celts. The 
unsubdoned cells were expanded to 5-weH plates until the cell density was sufficient to allow for storage m 
liquid nitrogen in the event that re-subctoning would be necessary. 

After subctoning, those clones exhibiting the highest chimeric antibody production were selected for 
as chimeric antibody production in btoreactors. 



CH44-2 

The Procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 ug of p49-jr2.was used as the chimeric heavy chain 
vector. 



48 CH44-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the cc«istruction of 
CH44-1 were repeated with the exception that 20 ug of p49-r3. was used as the heavy chain vector. 



80 



88 



CH44-4 



The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 ug of p49-r4. was used as the heavy chain vector. 

Generation of Ctones Producing of Chimeric 88 Antibody 
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CH88-1 

The procedure* used to sequentially transform the Sp2/0 plasmacytoma cells in the construction 
CH44-1 were repeated with the following exceptions: 
s 83K-28-5 83K-34-10. and 83K-42-2 cells demonstrating production of chimeric CC83 light chain w< 
transformed as described in the transformation of CH44-1, with the exception that 20 ug of 083*1-7.8 
p83*l-2.3. the pSV2gpt vector which contains the chimeric CC83 heavy chain gene was used as the he* 
chain vector. 



to 

CH88-2 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction 
CH88-1 were repeated with the exception that 20 ug of p83-jr2, was used as the heavy chain vector. 

rs 

CH88-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction 
m CH88-1 were repeated with the exception that 20 pg of p83-r3, was used as the heavy chain vector. 



CH88-4 



The procedures used to sequentially transform the Sp2A> plasmacytoma cells in the construction of 
CH88-1 were repeated with the exception that 20 ug of p83-r*. was used as the heavy chain vector. 



x 



so 



Generation of Ctonea Producing of Chimeric 84 Antibody 

Because of the high degree of sequence similarity between the heavy chain variable regions o«CC49 
and CC83. chimeric antibodies were generated whose light and heavy chains were d0 ^^^f^ rgm 
parents by mixed targeted transformations. To generate both -mixed" combinations, the chimeric heavy 
chan y \ isotype vectors of CC49 and CC83 were electroporated into the chimeric ^ chain *9«* 
83X34-10 and 48K-13-13 respectively. The resulting ceU tines were designated CH48-1 and J~*^ wh !£ 
the first nurnencai designation represents the heavy chain and light <^f»Mf- 
example. CH48-1 represents the yi isotype with the heavy chain derived from CC49 and the Sght chain 

The CH48-1 composite antibody did not bind to TAG72. This was not due to the Inability to ^J*™ 
fide chimeric antibody. Since most drug-resistant cell lines produced cWmeric IgG (as c>rterrroned by HJSA 
analysis using Goat Anti-Human ig trap with Goat Anti-Human IgG- Alkaline Phosphatase as » ^ 

binding affinity were present it was sigrificantiy less than that observed for the first oenen^^antt^ 
B72J3 which was approximately an order of magnitude less affinity for TAG72 than either CC4 8orCC8 3. 

Surprisingly. CH84-1 bound to TAG72 with affinity similar to both pa/ents. This new antibody was 
generated de now in our laboratory and rtas not yet been detected in nature. 

Competition studies were undertaken to determine the specificity of this new mrxed-armbody. " 
should be noted that both CC48 and CC83 exhibit some competitive recognition for the TAG72 antigen, it 
was found that CH84-1 competed more with CC48 for binding to TAG72 than it did with CC83. This would 
indicate that the specificity for binding to TAG72 lies in the light chain. 

Human 7 2. -3. and -4 isotypes were also generated with this mixed-antibody, producing CH04-2. CH84- 

3. CH84-4 clones. 



CH84-1 

56 



The procedure used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repealed whh me tolkjwing exception: . . 

40K-13-13 ceils demonstrating production of CH44 light chain by cytostalnlng were then transformed as 
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rs 



20 



described in the transformed of CH44-1. with the exception that 20 ug of pB3,1-2.3. the pSV2gpt vector 
which contains the CH83 heavy chain gene was substituted for p4«M-2.3. the P SV2gpt vector wh.ch 
contains the CH44 heavy chain gene. 



CH84-2 



The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-r2. was substituted for p83-r 1-2.3. 



CH84-3 



The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-r3. was substituted for p83y\-ZX 



CH84-4 



The procedures used to sequentially transform the Sp24> plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-r*. was substituted for p83r1 -2.3. 



SO 



Purtffcation of Recombinant Antibodies 

Cells expressing the chimeric antibodies were removed by cerrtrifugation from the culture medium and 
the medium was filtered through a 02um filter. Chimeric antibodies were purified in two Ster^ from cutoim 
superstates. In the first step of the purification, a protein A affinity cartridge (Nygene Corporation Yonkers, 
NY) was utiHzed according to the manufacturer's specifications. Up to 1.0 L of culture wp^/« 
passed through a 1 mg capacity cartndge. at 5 miymin. The cartridge was washed wrth P*™*"***^ 
saline (PBS) to remove traces of albumin. The chimeric antibody was recovered by option with i aiM 
sodium nitrate buffer. pH 3.0. The pH of the fractions containing the chimeric antibody were immwEat** 
adjusted to neutrality with a 1M solution of Trizma base. Rnal purification was achieved from this soiutioa 
after concentration on an Amicon centricon 30 unit by gel filtration using a Pharmaoe Superose 12 HH 
18*0 column as specified by the mamrfactufer (Ptwrnaci*. Rscataway. NJ). 

EXAMPLE: Generation of an tmmunogiobuUn Containing the Murine V^TAO germUne Variable Region 

The following examples are set forth to provide a skilled artisan with ^ ^°^^ n t9Ctv ^ ** 
preparing an arrtibody having a V H region encoded by a DNA sequence derived from VmoTAG. 

Components for an Expressible VhqTAQ Heavy Chain Qene 

A mouse-human chimeric antibody molecule can be generated which contains the murine Vh»TAG 
germane heavy chain variable region, a fight chain variable region that is complementary to the v^tag v*. 
such as either the CC40 or CC83 murine light chain variable region, and human constant regions. 

The 22 Kb Hindlll germfine DNA fragment containing the Vm-TAG V h exon J 8 ^.^ 
template to obtain a fu«tk>natty rearranged VmoTAG variable region. The murine 9*°^*^ in ^ 
region is used as a source for the murine heavy chain enhancer sequences. This latter regk)n is c^ned 
f^oVme plasm* PNP9 (see example above on -isolation of CC48 He*y ^nVari^Reg^F^ 
38 shows the overall reaction for the engineering of hybrid genes based on the m ^ * *j 
(1989). supra. Four oligonucleotides (oUgos) are designed to be used .n ™^^J™ 
modtflcation of the target DNA. Ofigo 1 anneals to the 5 end of Vm«TAG spanning the £coRl ****** 
249 bp 5 to the ATG initiation codon. Otigo 2 anneals to sequences complementary to the 3 end of me 
V^TAG oxon and also contains sequences ccxfincj for a 0 S4KJme>nt. Tlte 0 •^^^ QU ^T^! ? t^cff 
do not anneal with any V^TAO sequences. Ofigo 3 contains sequences complementary to the 5 end of 
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the murine genomic J-Cu region and incorporates sequences encoding the 0 segment '.5ame as in oligo 2) 
and the J segment. Oligo 4 anneals to the 3' end of the J-Cu region and contains sequences complemen- 
tary to the Eccfll site located 1 21 9 bp 3 to Jh4. The sequence of these oligos follow: 
Oligo 1 5GTCT AGAA TTCA 7AAAAACTTTATG (25 mer) 
Olioo 2 CAGTGTATTTCTGTAAAAGATCTACTATGGTTACG (35 mer) 

3 5'TCTACTATGGTTACG TGGGGTCAAGGAA- 

CCTCAQTCACC QTCTCCTCAGQ TAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 
Oligo 4 5 ActtcYaaaatgtatttagaa rrCATTTTC 3' 

In this example, the 0 sequence is SP2.3 taken from the published sequence of Kurosawa and 
Tonegawa J. Exp.kt#L 155:201 (1982). The 0 sequence is shown in bold face type in oligos 2 and 3. Any 
other characterized murine or human 0 segment can be used by substituting their sequence in these 

posrtions of oligo 2 and 3. . 

The J segment in oligo 3 is underlined. It is the murine Jh4 taken from the published sequence of 
Gough and Bernard Proc Natl. Acad. Scl. (USA). 78:509 (1981). The inclusion of any other murine of 
human J segment can be made by substituting their sequences for the sequence of J*4 in oligo 3. 

In oligo 1 and 4 the fcoRI sites {GAATTQ are shown in italics. 



20 



x 



Assembly of Intact VmiTAG Genes 

Two separate DNA amplification reactions are performed using the components described above. DNA 
amplification reaction #1 copies the V*aTAG sequence and adds a 0 segment to its 3 end. ONA 
amplification reaction #2 copies the murine intron sequences containing the heavy chain enhancer 
sequences and adds the D and J segments encoded within oligo 3. The amplified products from reaction 1 
and 2 are gel purified, combined and oligos 1 and 4 are added to initiate reaction #3. In reaction 3. the 
products of reactions 1 and 2 anneal across their common D sequences. Subsequent ONA amplification 
from oligos i and 4 yields the product shown at the bottom of figure 3a This fragment is digested with 
fcofll and gel purified. The modified V„aTAG fragment is ligated into the £ccfll site of pSV2gpt-r 1(2.3) as 
described in the above example "Heavy Chain Chimeric Constructs*. The entire V„aTAG-0-J-enhancer 
containing fragment is sequenced completely to ensure that no mutations have been introduced during the 
DNA amplification reactions. The other three heavy chain y isotypes can be generated by ligating the same 
modified V^TAO fragment into the other three y containing pSV2gpt vectors (pSV2gpHr2: pSV2gpHs,: 
pSV2gpt-r*). 



Expression of the Modified VmqTAG Gene 

The modified VmqTAG gene containing plasmids can be linearized with rVdet and introduced via 
electroporation into the chimeric CC49 or CC83 light chain expressing cell lines (see example above. "C. 
Targeted Transformations-. The transformed ceils are selected for growth in the presence of Genetfcin and 
mycophenoiic acid as outlined above in "C. Targeted Transformations*. The presence of expressed 
antibody is monitored by TAG72 EUSA (see section in RESULTS. Enzyme-Linked Immunoassays (EUSA). 
The expressed antibody from these cells will contain human tg T i.« constant regions with the CC49 or 
CC83 light chain variable region and a heavy chain variable region from the modified V*aTAG germline V« 

* aX ftjur examples of modified VmoTAG heavy chain variable region constructs having a variety of 0 and J 
segments are shown below; 





V M Segment 


0 Segment 


J 


so 






Segment 




VmoTAG #i 


mouse 0 (SP2.3) 


mouse J 




V„aTAG #« 


human 0(01) 


mouse J 




V„oTAG #i» 


mouse 0 (SP2.3) 


human J 


ss 


V„oTAG #tv 


human 0 (01) 


human J 



The sequence 



of the human 0 sequence 01 is obtained from Siebenlist et a).. Nature, 294:631 (1981). The 
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sequence of the human J M 1 obtained from Ravetch et al.. Ce//27 583 (1981). 

The generation of V^TAQ #i is described with the above diagramed oligos i throtgh 4. To generate 
VuoTAG #ii through -iv the corresponding 0 and J segments need to be changed in oligos 2 and 3. The 
foUowing oligos delineate these changes. Substitution of these oligos in reaction #1 and reacton #2 will 
result in the generation of the V^TAG #H through -iv. 



VhoTAQ *il 

Olio© ** ' 

TCAGTCACC QTCTCCT CAGG TAAQAATGGCCT CTCCAGQTCT 3 (72 met) 

VnaTAQ #i« 

" 2 * CAQT0TA 7 CT0T ^y* CTAT0OTA ^^TTACa T G GGGCCA0^ACC. 

CTGGTCACCQTCTCCTCAGO TAAGAATQGCCTCTCCAGQTCT 3* (72 mer) 

20 VnaTAQ #fv 

0£ 2 5 CAGTGTAmCTGTAAMGAGTACTGGTGGTG^m«, eQTaTAT ^^^^ 

Owgo 11 
CTGQTCACCGTCTCCTCAGQ TAAGAATGGCCTCTCCAGQTCT 3 (72 mer) 

25 Results 



» A. Chimeric Antibody Producing Cell Linos 

Simultaneous detection of heavy and light chains was accomplished using two probe antibodies: 

1) Goat anti-human kappa labeled with the fluorescing dye RTC and: 

2) Goat anti-human IgG labeled with the flucresang dye TRITC. „ fc ^ ..^^ 
» Cell lines having positive responses for both heavy and KgM chains were tested further for associated 

chimeric immunoglobulin production and biological activity viz. binding to TAG72. 



so 



50 



Enzyme-Linked Immunoassays (EUSA) 

In order to select a transform*! cell producing a chimeric ^^J^^^J^^^^! 
was employed. Clones containing the heavy chain andUght ^^J^^^^^X 
by their growth in selective culture medium. The following cell lines were tested (1 ) CH44-1 . » line 
S^COWVh. CC49 V U and constant region of kjG,; (2) CH44-2: a cell line V^^^- 
aoTcor^reg^^ 

^,t»Sv; CC83 V U and constant region of IgG,; (5) CHB8-2: ***** 

region of kjGj: (7) CH88-4: a cell Pne having CC83 Vm. CC83 Vt, and constant region of IgG*. (8) ^J^J" ' 
cefL r2SgCC83 V* CC49 and conatent region of IgG, : (9) CH84-* aceUHne h^ng CC83 V. 
"^con^nt^gion of W (10) CH84-3: a cel. Une having CC83 V*. CC49 V^and constant 
region of IgG, ; and (II) CH8+4: a cel. «ne having CC83 V*. CC49 V u and constant 
^uoernatants of these culture, were subjected to EUSA. The presence of chimeric antt-TAG72 antibody 

waaln^e^^ 

1^1 p^hiase. after allowing the chimeric anti-TAG72 antibody to bind to microtttef weirs 
^^J*T^: Antl-TAWac^ty was determined as a criterion for successful recorn- 

"^Atac Growth for 14 days. 50 ul of supernatant was removed from the wells of the subckxted cells and 
re-assayed^rTAG binding by EUSA. Samples of supernatant* (50 u.) from drug resistant cel. Hnes were 
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sequence of the human J*1 obtained from Ravetch et al.. Cell 27. 583 (1981). 

The generation of VhoTAG #i is described with the above diagramed oligos t through 4. To generate 
Vh-TAQ #H through -iv the corresponding 0 and J segments need to be changed in oligos 2 and * The 
following oligos delineate these changes. Substitution of these oligos in reaction #1 and reaction #2 will 
result in the generation of the Vh«TAG #ii through -iv. 



VnaTAQ fil 

TCAQTCACCQTCTCCTCAGQTAAQAATQQCCTCTCCAGQTCT 3' (72 mer) 



VmoTAQ JHH 

OtiQO 2 5 CAGTQTATTTCTOTAAAAQATCTACTATGQTTACG (35 mer) 

ojj?; 3 5' TCTACTATGGTTACQ TGGGGCCAGGGCACC- 

CTQQTCACCGTCTCCTCAGGTAAGAATOGCCTCTCCAGGTCT 3' (72 mer) 

20 Vm«TAO #rv 

Otoo 2 5 CAGTGTATTTCTQTAAAAGAGTACTGGTGGTGTAT (35 mer) 

ujgo < * v«w 3 5 ' GTACTGGTGQTQTA TTGGGGCCAGGGCACC- 

CTGGTCACCGTCTCCTCAGQTAAGAATGGCCTCTCCAGQTCT 3 (72 mer) 



25 



Results 



30 A. Chimeric Antibody Producing Cell lines 

Simultaneous detection of heavy and light chains was accomplished using two probe antibodies: 

1) Goat anti-human kappa labeled with the fluorescing dye RTC and; 

2) Goat antWmman IgG labeled with the fluorescing dye TRfTC. ..^^ 
a Ceil lines having positive responses tor both heavy and Bght chains were tested further for associated 

chimeric immunoglobulin production and biological activity viz. binding to TAG72. 



50 



56 



Enzyme-linked immunoassays (EUSA) 

m order to select a transformed cell producing a chimeric monoclonal antibody, the EUSA technique 
was employed. Clone. containing the cru«n arxl licM chain drug J^^T* 
by thTgrowth in selective culture medium. The following ceo lines were tested 0) CH44-1: a ceO Une 
having CO40VW CC49 V u and constant region of IgG,; (2) CH44-2: a cell line h »**CC49 Vh. c ^^' 
^constant region of IgG,; (3) CH*M: a cell line having CC49 Vh. CC49 V 0 and constant reyon of lgG^ 
^C^BTaTSne ^ V. CC« V u arxl constant reckon of IgG,; (5) CH88-2: a c^Une h^ngCCW 
Vh. CC83 V 0 and constant region of IgG,; (6) CH88-3: a cell line having c ™^^^ ^J??**"* 
region of IgG,; (7) CH88-4: a ceil Hne having CC83 Vh. CC83 V u and constant region of IgG*: (8) CM84-1 . a 
ce?WhaSflCC83 V* CC49 V, and constant region of IqQ.; (9) CHS** a ce* line ^CC^V. 
CC48 V U and comtant region of IgG,; (10) CH84-3: a cell line having CC83 Vh. CC49 V^ and constant 
region of IgG,; and (ll) CH84-4: a cell Hne having CC83 Vh. CC49 V t . and constant region of H)G*. 
^Xp3»nts of these cultures were subjected to EUSA. The presence of chimeric anti-TAG72 antibody 
was^^ drectiy by reaction of an excess of goat arrt^uman K,Q 

such as alkaline phosphatase, after allowing the chimeric ant>TAG72 antibody to Wnd to 7"» 
coated with antigen (TAG72). Ant>TAG72 activity was determined as a criterion for successful recom- 



growth for U days. 50 u. of supernatant was removed from the wells of ^ ^bc^ c^Us^d 
re-assayed for TAG binding by EUSA. Samples of supematants (50 ul) from drug resistant cell Hnes were 
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applied to wells of Nunc Immukxi 96- well plates which had previously been coated with tag antigen (1/50 
Glutton). After washing to remove unbound material, the wells were incubated with Goat Anti-Human IgG 
antibodies conjugated with Alkaline Phosphatase (GAHlgG-AP) as a probe to detect the human constant 
reatons of the chimeric antibodies which had bound to the TAG antigen immobilized on the plate. Another 
washing to remove unbound probe (GAHlgG-AP). followed by addition of a chromogen-c aJkalme 
Dhosphatase substrate, allowed color to develop in those wells which possessed TAG bmd.ng associated 
With human constant regions (i.e.. chimeric anti-TAG72 antibodies). Absorbance readings at 405 nm .ndicate 
the relative amount of chimeric antibody produced by the drug-resistant cell lines. 



10 



CH44-1 



Anti-TAG72 activity was used as a criterion for successful recombination. Wells of microliter plates were 
coated with TAG by incubating 50 ul of a 1:75 dilution of purified TAG72 (Muraro. fl.. et aL Cancer 
,5 Resovch 48. 4588-4596 (1988)] for 18 hours at room temperature. The wells were ^ "f^* ^ 
with phosphate buffered saline (PBS), and then blocked with BSA. by incubating 50 ul of 0.5 P®rcemBSA 
in PBS for 2 hours at 37* C. followed by washing 4 times with PBS. These plates are stable if kept moat at 
4* C 50 microliters of sample are then applied to each well. A blank containing fresh medium « used as a 
control. All of the samples were incubated either m the piate for 90 minutes at 37 C or overroght at 4 c « 

20 * C '^p*toTwere then washed 4 times with PBS. and goat anti-human IgG-alkaline phosphate (Southern 
Biotech Assoc.) was applied to each well by adding 50 ul of a 1:250 dilution. The solution * 
37*C tor 90 minutes. Color (Jevekjpment was monitored after washing the plates 4 times with PBS to 

» rSm ^ t substfato was incubated in 200 ul solution of substrate p-nitrophenyl phosphate (Kirkegaard & 
Perry) in ethanolamine buffered saline for 0 minutes at room temperature for color development The optical 
density at 450 nm of each well was read by a Oynatech mlcroptate reader (Oynatech Inc.). 

The Sp2/0 colonies in wells with supematants having TAG72-bindJng chimeric antibody activity were 
subcloned by limited dilution. Individual subclones were chosen on the basis of relatively high production of 

30 chimeric antibody. 

CH44-2 

„ The TAG-6USA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-2. 



The TAG-6USA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-3. 

«s CH44-4 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-4. 



The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-1. 



50 



CH88-2 
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to 



Th. TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-2. 



5 CH88-3 

The TAG-EUSA Procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-3. 

The TACHEUSA Procedure used with CH44-I was repeated with the exception that the antibody was 
CH88-4. 

is 

CH84-I 

The TAQ-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
20 CH84-1. 

CH84-2 

„ The TAG-EUSA procedure used with CH44-I was repeated with the exception that the antibody was 
CH84-2. 

CH84-3 

* The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-3. 

39 CH84-4 

The TAQ-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CM84-4. 



40 



40 



The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 



CH84-4. 



B. tn vivo Carcinoma Targeting 

Th* rMm«ric monoclonal antibodies used in animal studies and shown in Tables t- 4 below were 
M Chemical, Boddord. «L>. More specific^. 

, a/VW1 to « i2 cm x 75 cm glass tube coated with 50 ug of lodogen toiiowea oy eauraun w 

athymlc mica <nu*u> on a C01 bacKground we, obtained from Charles Wver at approximately 
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4 weeks of age. Nine days later, mice were inoculated subcutaneously (0.1 ml/mouse) with LS174T cells (1 
x 10* calls/animal). 

Athymte mice bearing carcinomas 70 to 400 mg in weight, approximately 12 to 13 days alter ■nocuiaton 
of the colls were given injections intravenously of from 0.5 to 2.0 uCi (10-50 ug protein) in PBS of the 
chimeric monoclonal antibodies, which had been iodinated as described above. Groups of five mice were 
sacrificed at varying times by exsanguination. the carcinoma and normal tissues were excised and weighed, 
and the com were measured in a gamma counter. The cpm/mg of each tissue was then determined and 
compared to that found in the carcinoma. 

The results for CH44-1 are shown in Tables 1-2. and Figures 39A. 388. and 39C. The results for CH84- 
1 are shown in Tables 3-4. and Figures 40A and 40 B. 



Percent injected Dose Per Gram of -»I-Labeled Antibody 



is 



Table 1 



20 



Tissue 


CH44-1 


0.75 
Hour 


23.5 
Hours 


49.5 
Hours 


122 
Hours 


blood, total 


29.70 


15.84 


8.09 


7.31 


Liver 


8.13 


4.13 


2.19 


1.98 


Spleen • 


6.19 


3.39 


2.12 


1.38 


Kidney 


4.35 


2.80 


1.52 


1.33 


tumor 


3.31 


25.95 


28.83 


44.16 


lung 


7.34 


539 


2.90 


2.36 


tumor.wt 


0.18 


0.12 


0.09 


0.11 



As shown in Table 1. at approximately 122 hours post-injection, the percent injected dose to turnorfor 
CH44-1 was 44.16 percent CH44-1 was. therefore, efficient in targeting the human tumor m-situ. This 
demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for in vivo 
carcinoma targeting and thus are useful for in vivo treatment of cancer. 

Percent Injected Dose Per Organ of ia l-Labeled Antibody 



so 



M 
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Table 2 



s 



J8 



Tissue 


CH44-1 




0.75 


23.5 


49.5 


122 




Hour 


Hours 


Hours 


Hours 


blood, total 


47.72 


23.03 


1329 


12.01 


Liver 


10.97 


5.20 


3.20 


2.69 


Spleen 


1.09 


0.48 


0.25 


0.22 


Kidney 


1.25 


0.72 


0.42 


0.40 


tumor 


0.57 


3.08 


2.82 


4.55 


lung 


1.20 


0.87 


0.57 


0.37 


Ql tract 


8.84 


4.78 


3.96 


2.83 


carcass 


43.17 


49.68 


35.35 


29.95 


whole body retention 


91.30 


78.34 


5328 


4620 



As shown in Table 2. at 122 hours postinfection, the percent of injected dose tumor to rCH44-1 I was 
455 percent CH84-1 was. therefore efficient In targeting the human tumor m-siiu. This demonstrates^ 
a the chimeric rncooctonal antibodies of the present invention were efficient for In Wro cananoma targeting 
and thus were useful in in vivo treatment of cancer. 



Percent Injected Dose Per Gram of '^Labeled Antibody 



Table 3 



Tissue 


CH84-1 


1 Hour 


23 
Hours 


47 
Hours 


118-119 
Hours 


blood 


30.88 


15.65 


8.74 


8.49 


Liver 


12.55 


4-26 


2.35 


1.57 


Spleen 


10.93 


3.35 


2.56 


1.70 


Kidney 


5.59 


2.51' 


1.53 


1.55 


tumor 


4.06 


20.52 


17.58 


3027 


lung 


10.77 


4.80 


2.58 


2.24 


tumor.wt 


0.15 


022 


0.20 


0.24 



50 



50 



As shown bi Table 3. at approximately 118 hours post-injection, the percent of ,n *~^"*^ 
for CH84.1 was 30.27 percent CH84-1 was. therefore, efficient In targeting ^f"™^^^ 
Owrwwtrates that the chimeric rnonoctonal morwdonal antibodies of the present invention were efficient tor 
m wvo carcinoma targeting and thus were useful in In vivo treatment of cancer. 

Percent Injected Dose Per Organ of ' a h Labeled Antibody 
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Table 4 



5 



15 



20 



Tissue 


CH84-1 


1 Hour 


23 
Hours 


47 
Hours 


1 10-1 IB 

Hours 


blood, total 


45.98 


22.11 


10.08 


9.37 


Liver 


13.84 


5.34 


3.13 


1.94 


Spleen 


1.35 


0.49 


0.32 


0.16 


Kidney 


1.39 


0.82 


0.38 


0.38 


tumor 


0.59 


4.33 


3.63 


7.02 


lung 


1.77 


0.69 


0.42 


0.31 


Ql tract 


7.38 


4.92 


3.41 


2.32 


carcass 


44.83 


52.19 


30.32 


24.06 


whole body retention 


93.58 


81.00 


♦7.14 


45.48 



25 



As shown in Table 4, at approximately 118 port-tajectton. the percent of injected dose to tumor for 
CH84-1 was 7.02 percent CH84-1 was, therefore, efficient m targeting the human tumor in-sftu. This 
demonstrates that the chimeric monoclonal antibodies of the present Invention were efficient for in vivo 
carcinorna targeting and thus were useful in in vivo treatment of cancer. 



30 
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Deposit of CeM lines Producing Chimeric Antibodies 

Eleven illustrative cell lines secreting chimeric antibodies, all having a kappa light chains, made by the 
above example, were deposited at the American Type Culture Collection (ATCC) on October 19 1988. 
Soeoflcatiy the following ceil lines* have been deposited: (1) CH44-1: a cell Brie having CC48 V*. CC48 v\, 
^conrtrt region of H Q, (ATCC No. HB 9684); (2) CH44-2: a cell line having CC48 V* CC48 V u and 
constant regtoncTlgQ2%TCC No. HB 9880): (3) CH44-4: a cell Ine having CC48 Vh, CC49 V u and 
constant region of IgQi (ATCC No. 9877): (4) CH88-1 : a ceO fee having V* CC83 V u and -constant region 
of tgO, (ATCC NO. 9882); (5) CH88-2: a ceH Una having CC83 V* CC83 V u and constant * J** * 
(ATCC No. 9881); (6) CH88*: a ce« lr« ruling CC83 Vh. CC83 V, ^ "~TJ^?r^^l^i 
9876Y: (7) CH88-4: a cell Rne having CC83 V* CC83 V u and constant region of IgQ* (ATCC No. 9874); (8) 
CHflil- a cei 8ne having CC83 V M CC49 V u and constant region of IgQi (ATCC No. 9883); (9) CH84-2: a 
osTftne havirw CC83 V* CC48 V u and constant region of IgQ, (ATCC No. 9879): (10) CH84-3: a cod line 
CC49 \ and (Constant region of IgQi (ATCC No. 9878): end (1 1 ) CH84-4: a cefl One 
having CC83VM.CC49VU and constant region of lg<k (AT<X f4o. 9875). ( _ (f . 

The present invention is not to be limited in scope by the ceH Unas (leposited since the ^posited 
embodiments are Intended as a single illustration of one aspect of the invention and all ce« mes which iare 
functionary eo^fvalent are within the scope of the invention. Indeed, while this invention has been Oescn&eC 
in detail and with reference to specific embodiments thereof, it will be apparent to one sttBed «n the art that 
various changes and modifications could be made therein without departing from the spirit and scope of the 
appended claims. 

Clefms 

1. An antibody or antibody fragment comprising: . m _ MA 

a variable region having a light chain (VJ and a heavy chain (V„), said V M being encoded by a DMA 
sequence effectively r>omotogpua to the V^TAO oermUna gene (V^TAQ). M ^ 

whom* the variable region binds to TAG72 at least 25% greater than the variable region of B72.3 binds to 
TA072. wfth tne binding affinities of the antibody and B72J being measured by the same technique. 
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2. The antibody or antibody fragment of Claim 1 . wherein: 
(A) the V L is encoded by an animal V gene segment and an an.maJ J gene segment: and 
B £ V >XWl»d by an animal 0 gene segment and an animal J gene segment. 
3 according to Claim 2. wherein the Kjtit chain J segment ,s 

encoded by a gene selected from murine and human J gene segments. , onmAnt „ 

^The ant£ody or antibody fragment according to Claim 2. wherein the heavy chain □ Qene^rnent s 
eoccdaTby Hene selected from murine and human 0 gene segments, and the J gene segment ,s 
ancoded bv a gene selected from murine and human J gene segments. 

"T?he <rt£y or antibody fragment of Claim t. wherein the variable region .3 derrved from the 

^T^l C o^^^^ t, wherein the variable region comprises (1) c- = 

by a gene derived from the WAG. and (2, frameworic 

reoiona. adjacent to the CDR regions, derived from human genes. 

^Trhe aXdy or antibcdTfragmem of 

^^-rt - hianan linht chain (CO and a human heavy chain (Cm). 

'"Ti SYIdSU of Claim 7. -herein the Cm is JqG, -JflW *D or IgE 
9. The antibody or antibody fragment of Claim 7. wherein *» ka **°^ da * _ 
to The arrtbody or antibody fragment of Claim 1 . wherein It is produced by a cell line from CH44-1 . 

rH4^2.C^M CH8M CHOW. CH8*4. CH84-1. CH84-2. CH84-3 or CH84-4. 

^A^^TantibXt^ conjugate comprising antibody or antibody fragrnent of any one of 

Claims 1 through 10 conjugated to an imaging marker. mmriia . ; m <»i on 

12. ThVanSbody or antibody fragment conjugate of Claim 1 1 j^herem the .maging marker .s I. I. 

i»t "»*flh »"Sm «'Cu. "Ga. '"Ho. '"lu. ,M Re. or ~c 

^ 13 A anti^dy ofantibSy fragment con|ogate comprising the antibody or antibody fragment of any one 

"of Claims 1 through 10 conjugate to a therapeutic agent therapeutic agent is a 

14 The antibody or antibody fragment conjugate of Claim 13. wherein the therapeutic agem a 
radionuclide, drug or biological response modifier, toxin or another antibody. 

^Tne antibody orTtibody fragment conjugate of Claim 14. wherein the radionuclide .s I. »Y. 
SS^Sb I ^At^^^Re. "'1* '»Sm. «»l or "'In. 
Te.T^'anti^c<anti^ fragment 
modifier is methotrexate, adrtamydn or rymphotane. 

a nwa tMuanca encodina at least a portion of an antibody heavy chain. 
Jl£Z SwSmJUc* ^ no™***. » M v-TAQ »«*» 

S^^^ w-nc. »gm«rt •> to* . portion ol . ^^'^"^ a \^ MmM 

^^^1^^?CWm 17. wiw«n ft. krttar compos . ONA 

friinvwKyfc redone, adjacent to the COR regions, encoded by a human gene. 

^T^he^T s^ce of CUim l^Wer comprising sequence segment encotfng for at toast a 
portion of a human heavy chain constant region (Cm). 

^22. The DNA Sequence of Oaim 21, wherein the sequence segment encodes for at least a portion of a 
Ch gene encoding lgQi-4. K>M. IgA, igD or igE 

(a, T^X^X * « i~« « — * h -» 5aQU9nc - 

^^^Om-m, brfng ^cttvoly Nxnotoflou, » ft. V-TAQ g«mlin. 9— <Vm.TAO>. 
ma DNA wquenco »gn»rt oncooM «t toa« » portion of » V„. and 
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R72 3 bsina measured by the same technique. 

24 The DNA sequence of Claim 23. wherein the sequence segment encoding for at least a portion of a 

CM ^^X^^t the sequence segment encoding for at .east a portion of a 

^ ^A^^ht^T^ptessioo vehicle containing the ONA sequence of any one of Claims 17 



through 25. 



27 A cell transformed with the biologically functional expression vehicle of Claim 26. 
£ A?e.l which comprises the characteristics of a cel. of CH44-1. CH44-2. CH44^. CH88-1. CH88-2. 
rnfl8-3 CH88-4 CH84-1. CH84-2. CH84-3 or CH84-4. 
Ta Z* comprising the antibody or antibody fragment of any one of Claims t through 10. .n 

a Dharmaceuticaily acceptable, non-toxic, sterile carrier. _ ., 

M A^m^tic<icomprising the antibody or antibody fragment conjugate of any one of Oauns 11 
through 12. in a pharmaceuticaUy acceptabte. non-toxic sterile carrier. 

composition comprising the antibody or antibody fragment conjugate of any one of Claims 13 
through 18. In a pharmaceutically acceptable, non-toxic, sterile carrier. 

process for preparing an antibody or antibody fragment which compnsea contacting a Vh region. 

< ^A f X£<or preparing an antibody or antibody fragment conjugate which comprises contacting an 
antib^y orWxiy fragment as defined in any one of Claims 1 through 10. with an .msgmg marker or 

ttW ^°! roc ^ s for preparing a recombinant expression vehicle which comprises Inserting a ONA 
wwuence. as defined in any one of Claims 17 through 25. into an expression vehicle. 
^JTa process for preparing a transformed host which comprises inserting the express** vehxde. as 
defined in Claim 26. into a suitable host 
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CC-92 Light Chain Variablt P.ty on Stcutnct 

GA<n*CAG*<AATCCAGG7CC77iG7AT7C6T<nTTCT 

^TTG7GATGACCCAG7CTCACAAAT7CATG7CCACA7CAG^ 

CACCTGCAAGGCCA G7CAGGATG7GAG7AGTGCT G7A GCGTGG7TTCAACACA AACCA 
6<S 

ACAATCTCCTAAATTACTGATT7ATTCGGCATCCTACCG<rrATACTGGA<rrcCCTGa.TCG 
CT7CACTGGCAG7GGATCTCGGACGGAT77GACT 

AGACCTGGCAGTTTATTACTGTCAGCAACATTArAGTAGTCCGCTCACGTTCGGTGCTGG 
GACCAAGCTGGAGCTGAAAC" 



FIG.6a 
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Mouse !g kaopa germline J-C region, J 1 to J5 
AAGCTTTCGCCTACCCACTGCTCTGTTCCTCTTCAGTG^ 

ACAGTGGAGTACTACCACTGTGGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAA 
AC 

GTAAGTAGAATCCAAAGTCTCi 1 1 CI i CCGTTGT CTATG7CTG7GGC77C7A7G7C7AAA 
AATGATGTATAAAATCTTACTCTGAAACCAGATTCTGGCACTCTCCAAGGCAAAGATAC 

A 

GAGTAACTCCGTAAGCAAAGCTGGGAATAGGCTAGACATGTTCTCTGGAGAATGAATG 

AGTGTAATAATTAACACAAGTGATAGTTTCAGAA^ 

GC 

CCTAGACAAACCTTTACTCGGTGCTCAGACCATGCTCAGI 1 1 i 1 GTATGGGGG^TGAGTG 
AAGGGACACCAGTGTGTGTACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACGT 

AAG 

TAGTCTTCTCAACTC i TGTTCACTAAGTCTAACC ! I G 1 1 A AG . I G 1 1 C i i I GTTGTGTGT 
TTTTC7TAAGGAGATTTCAGGGATTTA GCA AAjTCCATTCTCAGATCAGGTGTTAAGGAG 
GGA^^CTGTCCCACAAGAGGTTGGAATGATmCAGGCTA^TTTTAGGCrTTCrAAA 

CAAAGTAACTAAACTAGGGGAAGAGGGATAATTGTCTACCrAGGGAGGG » • i IGTGGA 
GG 

TAAAGTTAAAATAAATCAC7GTAAATCACATTGX67GATGGGACGVGACTGGAAATAA 

AA 

CCTAAGTACA 1 1 1 1 1 GCT CAACTGCTTGTGAAG 1 1 1 1 GGTCCCATTGTGTCCTTTGTATG 
AGTTTGTGGTGTACATTAGATAAATGAACTATTCCTTGTAACCCAAAACiTAAATAGAA 

G 

AGAACCAAAAATCrAGCrACTGTACAAGCTGAGCAAACAGACTGACCTCATGTCAGATT 

T 

GTGGGAGAAATGAGAAAGGAACAGTTTTTCTCTGAACrTAGCCTATCTAACTGGATCGC 
TCAGGCAG G 1 1 1 1 1 GTAAAGGGGGGCGCAGTGATATGAATCACT GTGA7TCACG7TCGG 

TCGGGGACAAAGTTGGAAATAAAACGTAAGTAGACl 1 1 ! GCTCA7TTACT7GTGACGTT 

T 

TGGTTCTGTTTGGGTAAC7TG7GTGAATTTGTGACATTT7GGCrAAATGAGCCATTCG"G 
GCAACCTGTGCATCAATAGAAGATCCCCCAGAAAAGAGTCAGTGTGAAAGCTGAGCGA 

AA 

AACTCGTCrTAGGCTTCTGAGACCAGTTTTGTAAGGGGAATGTAGAAGAAAGAGCTGG 

GC 

TTTTCCTCTGAATTTGGCCCATCTAGTTGGACTGGCTTCACAGGCAGGTTrrT 

GGGGCATGTCATAGTCCTCAC7GTGGCTCACG77CGGTGCTGGGACCAAGCrGGA6CT6 

A 

AACGTAAGTACACmTCTCATC » nil 1 1 ATGTGTAAGACACAGGT7TTCATGT7AGGA 
GTTAAAGTCAGTTCAGAAAATCrTGAGAAAATGGAGAGGGCTCATTATCAGTTGACGT 

GG 

CATACAG7GTG^GATT7TC7GTTTA7CAAGCrAGTGAGAT7AGGGGCAAAAAGAGGCT 
T 

AGTTGAGAGGAAAG7AATTAATACTATGGTCACCATCCAAGAGATTGGATCGGAGAAT 
AA 

GCATGAGTAGTTATTGAGATCTGGGTCTGACTGCAG* 



FIG. 7 



EP 0 365 997 A2 





i 



FIG. 8 



EP 0 366 997 A2 




FIG.9 



EP 0 365 997 A2 




FIG.II 




f - 



EP 0 365 997 A2 




Mouse !g germjine J-H genes from pNP3 



GGA7CC7GGCCAGCA77GCCGC7AGG7CCC7C7C77C7A7GC77TC777G7CCC7CAC7G 

GCC7CCA7C7GAGA7AA7CC7GGAGCCC7AGCCAAGGA7CA7TTA77G7CAGGGG7C7AA 

TCATTGTTGTCACAATGTGCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTC 

TCTGCAGGTGAGTCCTAAGTCTCCCATTCTAAATGCATGT7GGGGGGATTCTGAGCCTT 

CAGGACCAAGA77C7C7GCAAACGGGAA7CAAGA77CAACCCC777G7CCCAAAG77GA 

G 

ACATGGGTCTGGG7CAGGGACTCTCTGCCrGCTGGTCTGTGGTGACA77AGAACTGAAG 
T 

ATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCTTGTCCAGGG 
TC 

TATCGGACTCTTGTGAGAATTAGGGGCTGACAGTTGATGGTGACAAT7TCAGGGTCAG7 
G 

ACTGTCAGGTTTCTCTGAGGTGAGGCTGGAATATAGGTCACGTGAAGACTAAAGAGG 
GG 

TCCAGGGGCrTT7CTGCACAGGCAGGGAACAGAA7GTGGAACAATGACT7GAA?GC>T7 
GA 

TTCrrGTGTGACACCAAGAATTGGCATAATGTCTGAGTTGCCCAAGGGTGATCTTAGCTA 
GACTCTGGGGI 1 1 1 1 GTCG G GTACA G A G G A A AAACCCA CTATTGTG AT7AC7 A 7GCTATG 
GAC7AC7GGGG7CAAGGAACC7CAG7CACCGTC7CC7CAGGTAAGAA7GGCC7C7CCAG 

G 

TOTTAj i 1 1 IAACO n(ji i ATGGAG7TTTCTGAGCA7TGCAGAC7AA7C77GGATAT7 

TGCCCTGAGGGAGCCGGC7GAGAGAAGTTGGGAAATAAA7CTG7CTAGGGA7CTCAGA 

GC 

C7TTAGGACAGA7TA7C7CCACA7C7TTGAAAAAC7AAGAA7C7G7G7GA7GG7G77GG7 
GGAG7CCCrGGA7GA7GGGA7AGGGAC7T7GGAGGC7CA7T7GAGGGAGA7GCrAAAA 

CA 

A7CC7A7GGC7GGAGGGA7AGT7GGGGCTG7AG77GGAGArnTCAG. » i • i AGAA7GA 
A 

GTA77AGC7GCAA7ACT7CAAGGACCACC7C7GTGACAACCA777TA7ACAG7A7CCAGG 
CA7AGGGACAAAAAG7GGAG7GGGGCAC777CT77AGA7TTG7GAGGAA7G77CCACAC 
7 

A GA TTG7T7A A A AC77CA7T7G77G G A A G G A GCT67Cr7 A G7G A77G A G7CA A G G GA G A 
A 

AGGCA7C7AGCC7CGG7C7CAAAAGGG7AG77GC7G7C7AGAGAGG7C7GG7GGAGCC7 
G 

CAAAAG7CCAGCTT7CAAAGGAACACAGAAG7A7G7G7A7GGAA7A77AGAAGA7G77 
GC 

7TT7 AC7C7 7AAG7TGGTr CCTAGG AAAAA7AG77AA A7AC 7G7GACTT7AAAA7G7GAG 
AGGGi 1 1 ICAAG7AC7CAI I u n I AAA7G7CCAAAA 1 1 1 i I G7CAA7CAA777GAGG7C 
7TG777G7G7AGAAC7GACA77AC77AAAGT77AACCGAGGAA7GGGAG7GAGGC7C7C 

CA7ACCCTA77CAGAAC7GAC7777AACAA7AA7AAA77AAG777AAAA7A77T77AAA7 
GAA77GAGCAA7G77GAG77GAG7CAAGA7GGCCGA7CAGAACCGGAACACC7GCAGC 
AG 

C7GGCAGGAAGCAGG7CA7G7GGCAAGGCTA777GGGGAAGGGAAAA7AAAACCAC7 
AGG 

7AAAC77G7AGCrG7GG7T7GAAGAAG7GG7TTTGAAACAC7C7G7CCAGCCCCACCAAA 
CCGAAAG7CCAGGC7GAGCAAAACACCACC7GGG7AA777GCATT7C7AAAA7AAG77G 

A 

GGA77CAGCCGAAACTGGAGAGG7CC7C i I \ i AACT7A77GAG77CAACC • I i AA7777 
AGGTGAG7AG77C7AG777CCCCAAACr7AAG7T7A7CGACrrC7AAAA7G7A77TAGA 
A7TC* 
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Human Heavy Chain Constant Regions 
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BKDDISTRIBUTION OF 125-1 CH44 
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BIODISTRIBUTION OF 125- 1 CH44 
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